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1 . TITLE: INTEGRATING GENE THERAPY VECTOR 

2. BACKGROUND 

Integrating vectois and especiaUy retrovirus-based vectors designed for gene 
therapy have gained much undesirable pubUciJy because of the side eflBscts associated to 
5 retroviral gene therapy trials aimed at treating children suffering from the X-linked 
severe combined immunodeficiency disease (X-SOD). Althou^ flie treatment was 
clearly beneficial, two out of the ten treated children developed a leukaemia-like disease 
as a result from integration of the retroviral genome close to an onicogene (MarshaU, 
2003). lliese adverse effects have raised much concern about the safety of integrating 
10 vectors. As long as integmting gene therapy vectors insert the transgenes into random 
sites in the human genome they cannot be considered safe because of the risks 
associated with insOTtional mutagwiesis. 

The development of vectors capable of targeted transgene integration is under 
active investigation at the present Hybrids vectors that are capable of targeted 
15 transgene integration reach targetmg efficiencies from 3 to approximately 40 percent 
the bacdovirus-adeno-associated virus vectors (Palombo et al., 1998) targeted transgene 
integration into AAVSl site in approximately 41% of the cases and the Ad-AAV 
hybrids with efficiencies ranging from 3% up Id 35% (Recohia et al.. 1999). An AAV 
vector designed to mediate site-specific integration by a transient Rep expression 
20 reached targeting efficiencies of42%(Satohetal.. 2000). There stiU is a need for more 
efficient and safe gene Aerapy vectors for targeted transgene integration. 

3 SUMMARY 

in vitro systems using, viral preintegration complexes or purified IN (integrase 
protein) with short oligonucleotides have helped reveal important issues in the 

25 integration reaction as well as possible ways to inhfcit retroviral infection in target cells. 
The HIV-1 integrase has been fiised to sequence-specific DNA-binding pro^ins to test 
the possibility of directing retroviral integration. Testing the activity of tiie fiision 
proteins in vitro has showed that the sequence specific proteins along with IN are 
capable of integrating substrate sequences at or close to the sites recognised by the 

30 proteins fiised to IN. A particular embodiment is a novel fijsion protein consisting of 
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mV-l IN and a sequence-specific homing endonuclease hPpoI that could promote safe 
and taigeted integration of gene therapy vectors. In addition, different DNA constructs 
were created for studying the integration mechanism of the novel protein in vitro. The 
homing endonuclease hPpol recognises and cleaves its homing site present in the 
5 conserved 28S rDNA repeat of eukaryotes. While HTV-l IN is designed to mediate the 
integration of retrovirus-like substrate sequences, I-Ppol is designed to target the 
integration into the abundant rDNA locus in eukaryotic genomes. The aim was thus to 
create all the components required to test ike integration activities and targeting abilities 
of a novel fusion protein consisting of HIV-1 ESf and flie HE l-Ppol or I-Ppol's mutant 

10 form H98 A This aim included: 

1- Creating the DNA constructs needed in expression of tiie IN-I-Z^I and IN- 
H98A fusion 

proteins, as well as wtHIV-lIN (control IN) 
2- Designmg and creating an LTR-flanked integration substrate 

1 5 3- Generating an integration target plasmid containing the I-PpoI recognition sequence 
4- Production of &e novel fiision proteins, in bacterial hosts. 

Some general aspects are: a polypeptide integrase, especially lentivinxs integrase, 
and DNA-binding, especially with respect to human rDNA, activities; polynucleotides 
and vectors encoding it; its expression and production in a transformed host; 

20 compositions for administration conqprising it; and its use in therapy, especially in 
targeted gene integratiort 

4 MATERIALS AND METHODS 

4.1 General methods In DNA manipulation 

4.1.1 PGR 

25 PGR reactions were performed with a thermal cycler (PTC-200 Peltier Thermal 

Cycler, MJ Research) using the. programs listed in Appendix IL Primers used in 
aniplifying different templates are described in Appendix I. The genes for HIV-1 
integrase, l-PpoI and its mutant form l-PpdDiSSa were amplified using PJU -polymerase 
(MBI Fennentas). GW-PCR (subsection 4.3.1) was carried out using the FailSafe™ 
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PCR PreMix selection Kit (EpicKitre). In colony PGR (4.1.9) and o&er PGR reactions 
used to check different cloning constructs, DyNAzyme™ n DNA polymerase 
(Finnzymes) and its recommended bufifer was used. 

4.1 .2 AGE and gel extraction 

5 Throughout this study, gels for agarose gel electrophoresis (AGE) were prepared 

by dissolving 0,8 to 1 gram of agarose (Promega) in 100ml of TBE- or TAE-bufifer (0,8 
or 1% gels, w/v). Ethidium bromide (ElBr) was added to a final concentration of 0,4 
^g/ml before casting. Gels wereTun 6ri"70-120 volts (V) for 1 to 4 hours and the DNA 
was visualised with an UV- TransiUuminator CM:-20 UVP, Upland, CA, USA). 
10 For DNA gel extraction, a 0.8 % TBE- or TAB gel was cast DNA bands to be 

extracted were excised fi-om the gel using a scalpel. The DNA trapped in ^e slices was 
extracted using a gel extraction kit (GenElule™ A^ose Spin Cohmns, SICMA) 
according to manu&cturer's instructions. 

4.1.3 DNA purification, concentration and precipitation 

15 DNA from dififerent. origins (from gel extraction, PCR, digestions etc) was 

purified and concentrated using the Wizard® Plus DNA Clean Up Kit (Promega) or 
alternatively Na-ac - alcohol- precipitation melhod (Sambrook & Russell, 2001) was 
used. DNA was usually ehited or dissolved in 30-50 nl of sterile endonuclease free 
water. The concentration of DNA and its purity in the eluate were determined 

20 spectrophotometrically. 

4.1.4 DNA concentration measurements 

For DNA concentration measurements, samples were diluted in sterile water or 
TE (1:100). Hie concentration of DNA in Ae sample was spectrophotometrically 
determined by measuring the absoifoance at 260 nm (and 280 nm), assimiing 4iat a 
25 solution of SO ng/imi gives an A260 value of 1. The purity of the sample was also 
determined from the ratio of the absorbance values at 260 and 280 nm (A260/A280) 
assuming that the ratio in a pure DNA solution is ~ 1,8 (Sambrook & Russell, 2001). 
Absorbance measurements were performed using an UVWisible light spectrophotometre 
(Ultrospec 2000, Pharmacia Biotech). 
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4.1.5 DNA digestions 

All digestions in this study were performed using restriction enzymes (REs) and . 
their associated buffers from New England Biolabs (NEB) or MBI Fermentas. 
Digestions were carried out according to manu&cturer's recommendations for the 
proper temperatures and buffer conditions for each enzyme. The DNA concentration in 
the digestion was adjusted to approximately 0,1 ~ 0,5 Hg/jil. At least 1 U (unit) of 
enzyme was used for every ^ig of DNA, but less than 10% of the digestion volume 
consisted of the RE. Digestions were regularly carried out for 2 hours or over night 
(o/n). 

When verifying plasmid preparations from different clonings by RE digestions 
(restriction analysis), the reaction was typically assembled as shown below, incubated 
for 1 -2 hours at the appropriate temperature for each enzyme and mn on an 1% TBE gel 
(w/v). 

IS 2 ^1 plasmid DNA 
2 (illOXSE buffer 

2 ^llOXBSA (for certain NEB enzymes only) 
0,5 (tl of each RE 
..x_^l H20ad20^i 
20 20^1 

4.1.6 DNA ligations 

Ligation of an insert into a linearised vector involves tihe formation of new 
phosphodiester bonds between adjacent S*--phosphate and 3 -hydroxyl residues. In this 
study, ligation reactions were regulariy perfomied using 5-15 U of the bacteriophage T4 

25 DNA Ugase (MBI), IX T4 ligase buffer, variable amounts (50-150 ng) of digested 
vector and at least a 3 X molar excess of insert DNA over the vector DNA. All ligation 
components were mixed in a sterile eppendorf tube and sterile endonuclease free water 
was used to bring the reaction volume to 10 or 15 >il. Cohesive end ligations were 
usually incubated at room temperature (RT, 22*^0) for 30-60 minutes and blunt end 

30 ligations at 16''C over night (o/n). Background ligation controls (water substituting for 
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insert DNA) were always earned out along Ihe insert-Ugations in older to detennine Ihe 
background level of non-recombinants. 

4.1.7 Bacterial transformation 

Dilutions of the ligation mix (approximately 500 and 250 pg DNA/m1) were used 
5 totnuisformcompetBnt£: co/iDH5aceils(Gibco)usingl Hlofeachdilutionper30Hl 

of competent bacteria. Prior to transformation. T4 DNA-ligase was inactivated by 
incubating the Ugation mixture at 65°C for 10 minutes. Transformation, was carried out 
by the heat shock method as foUows: the dihited ligationTnixrwas-niixed-with^HSa 
cells in chilled eppendorf tubes, tapped gently and let stand on ice for 30 minutes. The 
1 0 bacteria were subjected to a heat shock at +42»C water bafli for 40 seconds and placed 
on ice for 2 minutes. Ix SOC (80jU) was then added on the bacteria and the cells were 
let recover in a shaking iftcubator for one hour (3rC. 250 rpm). Cells were spread on 
LB (Luria-Bertani) -agar plates supplied with &e appropriate antftiotic for selection of 
transformed bacteria. When using blue/white colour selection of recombinant 
15 pBluescript clones. 50^1 of 2% X-Gal (5.bromo-4.chloio-3-indolyl-beta-D-gahicoside) 
was spread on the suifece of the plate and allowed to absorb for 30 to 60 minutes prior 
to plating the bacteria. 30 nl of IPTG (isopropyl thio-P-D-galactoside). an inducer for 
the facZ-gene in pBluescript. was direcUy mixed with the bacteria upon plating. 

In addition to the ligation control reaction, positive and negative transfomation 
20 controls were carried out simultaneously and given all the same treatmenls as for the 
ligation mix reactions. A positive transformation control comprised bacteria transformed 
with mtact plasmid DNA and a negative control transformation wifli sterile water instead 
of any DNA A positive control shows that the transformation reaction procedure works 
efficiently and a negative control is used to reveal possible DNA contaminations during 
25 transformation. Agar plates were incubated at 3T*C oAi. 

4.1 .8 Purification and analysis of plasmid DNA 

The day following transformation, single white colonies were selected from UB 
plated and inoculated into 5 ml of 1 x LB supplemented with the appropriate antibiotic. 
The bacteria were grown m a shaking incubator (250 rpm at +37''C) for 12-16 hours to 
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increase the plasmid yield. On the following day, 2-5 ml of each bacterial culture was 
harvested and the plasmid-DNA was isolated using a mini-scale plasmid preparatioh kit 
(Wizard® Plus SV Minipreps DNA Purification System, Promega), according to the 
manufacturer's protocol. Plasmid preparations were identified by different restriction 
enzyme digestions and agarose gel electrophoresis. Glycerol stocks were created firom 
each succeeded clone by mixing equal volumes of bacterial o/n culture with 99+% 
glycerol (Sigma) and Ifaen stored at -20^C. 

4.1.9 Colony PGR „ 



Occasionally, cloning success was first verified by colony PGR instead of 
10 verification of mini-scale plasmid preparations. Colony-PCR allows rapid detection of 
cloning success using bacterial colonies as templates for PGR. For each set of colonies 
to be tested, a PGR pf miix (master mix) was pr^ared (see below). Premix was aliquot 
in sterile eppendorf tubes and the bacteria serving as template were introduced by gently 
touching the colony with the tip of a pipette and flien flushing it in tiie PCR-tube, being 
IS carefiil not to pick &e entire colony. Alternatively, a colony was suspended in SOpl of 1 
X LB with the appropriate antibiotic, let grow for 2 houis in a shaking incubator (37^C, 
250 ipm) and then 2yA of the culture was used for a modified colony- PGR reaction. 
Wifii tihe latter prpcedure, numerous colonies could be screwed simultaneously 
on a 96-well plate. PGR was carried out using the program DPESAKE (appmdix 
20 n) and fhe reaction conditions listed below. The PCR-products were checked by 
AC£ in a 1% TBE gel. 

One 20 |xl PGR-reaction was composed of: 

15 ^1 (or 13 ^1) PCR-grade water, 
25 2 ^IlOXDynazymePCR buffer (with MgCb) 

1 1^1 DMSO (Dimetfaylsulfoxide, final concentration 5%), 

0.5^1dNTPs(10mM), 

0.5 |il primer. T3 

0.5 fU primer T7 (standard primers for pBluescrq)t) 
30 0.5 |il(l U) DyNAzyme™ n DNA polymerase (Finnzymes) 
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. (2 fJ of bacterial culture or the picked colony as tempate) 
20 ^1 




4.1.10 Creating DNA linkers by oligodeoxyrlbonucleotide 
s hybridisation 

Equal amounts of synthetic complementaiy oligodeoxyribonucleotides (1 nmol) 
were mixed in lOOfil sterile eiidonuclease free water or TE. The solution was incubated 
at 9S°C for 10 min to denature the strands and allowed slowly to cool to room 
temperature (RT) inside the block. Slow cooling ensured the strands to anneal correctly 
1 0 without any uncomplementary pairing or unwanted secondary structure conformations. 

4.1 .1 1 Sequence verification of recombinant constructs 

Sequencing of all DNA constructs was perfisrmed with two automated DNA 
Sequencers (ALF and ALFe?q)ress, Pharmacia) in the DNA Synth^is and Sequencing 
Facility of the A.I Virtanen Institute for Molecular Sciences, Kuopip. One microgram of 
15 template DNA was required for each sequencing reaction. Primers used for sequencing 
different samples are listed in table 4.6-L All sequencing results were analysed using 
DNAMAN (version 5.2.9, Lynnon BioSoft). 

4.2 Creating expression constructs of IN-hPpol, IN-H98A and 
cIN 

20 The genes for HIV-1 integrase (Groarke, Hughes, Dutko; Hong et al,, 1993; 

Sioud & Drilca, 1991), I-Ppol (Muscarella & Vogt 1989, Muscarella et al., 1990) and I- 
P/7oIh98a v/ere first PCR-amplified (AmHeim & Erlich 1992) and then subcloned into 
the £coRV digested pBluescript Subcloned genes were fused to create the constructs 
pIP QN-I-Ppol) and pIH (IN-H98A; see .figure 4.5-1 for plasmid maps). Hiese gene 

25 fusions were modified and transferred to an expression . (Destination) vector 
pBVboostFG (Laitinen et al, unpublished results) using GATEWAY™ Cloning 
Technology (GibcoBRL®, Life Technologies). 
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4.2.1 Subcloning the genes for IN, cIN, l-Ppoi and H98A Into 
pBluescript 

The cDNAs for the HIV-1 IN. l-Ppol and I-PpoIh98a genes were obtained from 
plasmids pUSlO, pCNPpo6 and pCNPpo6h98a, respectively. The plasmid pLJSlO was 
5 obtained thiough the AIDS Research and Reference Reagent Program. Division of 
AIDS, NIAID. NIH: pLJSlO from Drs. JM Groarke, JV Hughes, and FJ Dutko. Plasmids 
pCNPpo6 and pCNPpoehPSa-WKe a kind^ift from Prof. Raymond J. Mbmiat Jr., 
University of Washington, Seattle. 

Specific oUgonucleotide primers for each gene (Appendix 1) were designed on 
10 the basis of sequence infomiation obtained from the plasmids' providers and the 
GenBank (accession #s: IN - AF029884; I-PpoI - M38131; I-PpoI(h98a) - 1CYQ_C) All 
primers except 3'IN (synthesized in TAG Copenhagen A/S) were synftesized using an 
ABI DNA Synthesizer in the DNA Synthesis and Sequencing Facility of the A.I 
Virtanen Institute for Molecular Sciences. Kuopio. New restriction enzyme sites for 
15 cloning purposes were included in the primers (appendix I). 

PGR reactions were assembled as listed below and performed using the program 
DS2006 (Appendix 11) for amplifying the genes IN. cIN. I-PpoI and H98A. Primers 
F9^ and 3'IN were used to amplify IN; F992 and S'dN were used for cIN. Both I-Pp6I 
and H98A were amplified using the same primer set (F987 and G7), since the pomt 
mutation of the latter did not coincide with the primer sequences. All the inserts were 
amplified using recombinant PJu polymerase (MBI Fermentas) in a 40 M leaction 
composed of : 



20 



25 



27 ^il PCR-grade water 

4 ^il0XbufferforrecombinantJyMpoIymeiMe(+M 

1 ^1 DMSO (Dimdhykulfoxide, Cfinai 2,5%) 

1 iildNTPs(lOiiiM) 

2 |il 5' primer (20|aM) 

2 fil 3* primer (20hM) 

30 1 |il Pfi* polymerase ilJSU) 

7 ydtemolateP NA (1 : 100 dilution of pUS 10, pCNPpo6 and pCNPpo6h98a) 
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The PCR-reactions were diedssd by ACffi running an aUquot of the reaction in a 
1% TBE- gel. The remaining PGR product vm then loaded on a 0.8o/. TAB- gel ftom 
5 v^ichcoirertPCR-products were extracted. Bands corresponding to 1hee)q)«^^ 

products we gel extracted and purified as described under 4.1. The concentration of 
DNA and its purily in the eluate were determined spectrophotometricaUy (4.1 .4). 

PGR products amplified by P>polymerase possess blunt ends, so blunt end 
cloning was used -msubclcming the genes for IN. cIN. W^ol and H98A into the 

10 phagemid pBhrescript (pBluescript® H Stiatagene). pBluescript was linearised 

by digestiiig it with the blunt end cutter EcdRW (^BI). After 2 hours of incubation at 
+37» C. the digestion was checked by numing an aUquot in a 1% TBE gel. To separate 
the linearised vector fiom the remaining amount of intact, undigested supercoUed DNA 
the entire sample was gel extracted using GenElute™ Agarose Spin Columns and 

1 5 purified with Ae DNA Clean Up JKh. 

Blunt-end ligation of IN, cIN, I-Ppol and H98A into the EcoBV digested 
pBluescript was performed by incubating each Ugation mix (lOOng of the vector, 2^1 T4 
ligase (lOU), lul 10 XT4 ligase buffer. 100 to 125 ng of insertDNA (gel extracted and 
purified PGR products) and 3.5 jil HaO) at +16°C o/n. 

20 The ligation mfaclur^ were transformed into competent E.coli DHSa cells as 

described in subsection 4:i.7. Bacteria were plated on IB plates supplemented with 
ampicUlin (75^g/ml) and 50 jil X^l. SOjil of IPTG was mixed with the bacteria prior to 
plating Pktes were in«?ubated at 37°C o/n. Tlie following day, white isolated colonies, 
were selected ftom the LB«p plates, cultured in 5ml LB.„^ medU and the culture was 

25 processed to plasmid preparations as described in section 4.1.8. Plasmid preparations 
were identified by restriction analysis arfd gel electrophoresis. The M and dN mini 
preps were digested with £baRl (NEB). Correct preparations were fiirther verified by 
dig^g wiA Pad and A6«I (NEB) (Pad and for cIN-clones). the sites of which 

were introduced into the IN-gene during PCR. Similarly, the plasmids containing I-PpoI 
30 or H98A were verified by a 5ai»HI-digestion. and a Spel-^- double digestion (NEB). 
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All digestions vwere checked by AGE as described earlier. Conect clones in pBluescript 
were named pBIN for integrase, pBdN for control integiase. pBIPpoI for I-Ppd and 
^ pBI&SAforESSA 

4.2.2 Creating fusion genes from IN and l-Ppol/H98A 

5 The fusion of the two genes (IN with either I-Ppd or H98 A) was achieved by 

restriction enzyme based subdoning (Sambiook & Russel. 2001). First, the orientations 
of Ihe inserts in pBluescript were deduced by different RE-digestions. The IN gene was 
found to lie in pBhxescript in an orientation, where it couU be detached fifom the plasmid 
by a AJoI-digestion fiom its 3' end, but stay attached Id the plasmid from its 5' end. I- 

10 Ppol and H98A were digested with and found to detach from their plasmids. 

pBIN was digested wid» Xbed to create cohesive ends (staggered cut ends, fliat 
can be Ugated together) for the >el digested pBIPpoI or pBH98A fragments to be 
inserted. 2 fil of SAP (Shrimp alkaline phosphatase, lun/fil) was added in the pBIN- 
digestion to minimise the background level, i.e. to prevent unligated pBIN plasmid fibm 

15 self-ligating and transfonning along the Ugation mix. The I-Ppol and H98A inserts were 
digested from their plasmids using Spel and the fragments were extracted from a 0.8% 
TBE gel The purified I-PpoI and H98A fragments were individually ligated to the 
linearised, purified pBIN using flie same conditions as described earlier (section 4.1.6). 
Ligation mixtures were transformed as described in section 4.1.7. Instead of extracting 

20 the plasmid DNA from the resulting colonies, successfiil clones were verified by colony 
PGR (4.1.9). Colonies giving the ejqjected result were inoculated in 5ml of LBamp and 
processed to mini preps as in section 4.1.8. Mini preps were verified by i>v«n digestions 
and AGE. The orientation of the two cDNAs with respect to each other was deduced 
fiom the digested samples. Correctly orientated clones were named pIP for integrase-I- 

25 Ppol fiision and pIH for integrase-H98A fiisions. One clone , of each construct was 
verified by sequencing (4.6). 

4.2.3 Correction of mutations 

Sequencing of the clones plPS and pIH5 revealed a nonsense mutation in. 
position 212 of the IN gene that was absent in the pBcINS. clone. pIP5 and pIH5 were 
30 repaired taking advantage of pBcIN5 as follows: a fiagment of 527 bps was digested 



from pIP5 and pIH5 with Pad and ^ and replaced by the corresponding but 
tmrautated fragment from pBcINS. The plasmid backbone from pIP5 and pIH5 was gel 
extracted and Ihe insert fragment containing the mutation was discarded. The correcting 
fragment cut from pBdN was isolated and purified and then used tor ligation into the 
digested pIP and pIH -plasmids. Ligations, traiisfi)nnations and plasmid isolations were 
carried out as described earlier under 4.1. A successfiil clone could only be verified by 
sequencing. Clones named pkorj.IP3, pkorj.IH7 were sequenced with the primers listed 
in table 4.6-1 
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Fisure 42^-1- 1) Cloning a PGR product in Entry Vectors. The figure illustrates how d<mmg a 
P^^irt u^R tbeW Reaoticm is accomplished. The DNA sequence is first amphfied with 
JcKiS^S c^nSSe 25 bp a«B sequences (Appendix 1). T^PCRproduct serves 
L tt:e^ftfarfor Z BP faction. Recombination between the ^^/CR f 
L a Plasmid (e.g. pDONR201) resuhs in an En^ Clone of the PGR pro*jct,^ 

Smunycin resistance. 2) The LR ^^^nis^Jf^^^'^'^^^^^li^ 
and a Destination (pDESTf") Vector, mediated by the GATCWAY LR CL^^A^ bi^ 
X, a cocktail of recombination proteins. This reaction transfers DNA segments fiom the Entry 
Se (DENTR™-gene) into a Destination Vector, to create an Expression Clone. The 
CLON^E ^e Mix that mediates the GATEWAY LR Reaction contai^ lambda 
SSnationSteins Int (Integrase). Xis (Excisionase). and IHF (tategration Host Factor). M. 
SSrS CLONASE E.^ Mix, which mediates the BP Reaction, comprises Int and 

htrnV 
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4.2.4 Construction of expression vectors 

To convert the fusion genes IN-I-Ppol and IN-H98A, as weU as the c-IN done, 
into constructs that could be expressed in bacterial, insect and manunalian cells, all the 
inserts were subcloned into new expression vectois. Recoinbination-based 
GATEWAY™ Cloning Technology (GibcoBRL®, Life Technologies) was used first to 
introduce the GW-PCR-modified genes into the Donor plasmid pDONR™ (Ihvitrogen) 
via a recombination based BP-reaction. From this plasmid the genes were again 
transferred via a UR. reaction to a modified Destination Vector pBVboosfFG (Laitinen et 
al.. Unpublished results) that has the piornotw elements ne«ssary for'tonsgene 
expression in different organisms. Polyhistidine tags (6 X His) were introduced to Ae 5' 
ends of the fusion genes. An . illustration of the overaU Gateway cloning technology is 
represented in figure 4.2.4- L 

4.2.4.1 Gateway (GW)-PCR 

To create Entry Clones of pkorj.IP3, pkorj.IH? and pBcINS by the GATEWAY- 

recombination technology. DNA elements (a«Bl and flffB2) were introduced in 5' 
end of the genes by PGR. Primers (Appendix I, table 1-2) were designed to contain the 
-sequences attBl and aflB2 and the 5' primer was further modified to contain six extra 
histidine encoding codons to aid in fixture protein purification. PGR was performed with 
the FaUSafe™ PGR PreMix selection Kit (Epicentre) using flie kit included buffers A to 
L (buffered salt solutions containing dNTPs, various amounts of MgCk and FailSafe 
PGR Enhancer wdth betaine), FailSafe PGR Enzyme Mix (DNA polymerases) and the 
program GW-2701 or GW-cIN (Appendix II). 1-3 ng of each template (pkorj.IP3, 
pkorj.IH? or pBcIN) was used for a 50 jil PGR reaction. The products were gel-extracted 
fiom a 0.8% TBE gel as described before and concentrated by ethanol precipitation. 

4.2.4.2 Construction of final expression vectors via BP and LR reactions 

BP reactions were carried out fot the plasmids pkorj-iPS, pkorj.IH7 and pBcBSTS 
according to the manufecturer's protocol and the products were transformed into E. coli 
DHSa cells (4.1.7). Plasmid preparations were made as described in 4.1.8. The resulting 
Donor-plasmid preparations (Entry clones) were verified by PvuU (MBI) digestions 
after which they served as templates for the subsequent reactions, the LR reactions. LR 



14 



reactions, vAiere the ttansgenes become transferred from Ae Donor vectors into the 
Destination vectois 0>BVboostFG in this study), were similariy carried out following tiie 
manufacturer's instructions and transformed into DH5a cells. Plasmid preparations fiom 
the resulting colonies were vwified by PvmII digestions. Gene constructs in the final 
5 Destination vectors were verified by sequfflidng using tiie primers G502, G550, G449 
and G448 (Appendix I. Table 1-3). Correct clones named pDIP2, pDIHl and pDcBSTl 
were used for bacterial protein production (4.6). 

4.3 Preparing the integration target plasmid (pPPOsite) 

The sequence for tire cleavage site of 1-Ppol endonuclease was adopted fi^om 

10 previous studies using tiie enzyme (Mannino et al., 1999; Monnat et al., 1999; Ellison & 
Vogt, 1993; Argast et al., 1998). To prepare a plasmid tiiat coritained a single specific 
cleavage site for l-Ppo\ a double-stranded oligonucleotide containing the l-Ppol 
recognition sequence was inserted into tiie EcoPN site of pBluescript Two 5' 
phosphorylated 15-mer complonentary oligonucleotide strands G515 and G517 

15 (Appendfac I, table 1-4) composing tire recognition site were annealed to form a double 
slianded site (I-Ppo-oligo). Equal amounts of tire strands were mixed and hybridised as 
described in section 4.1 .10. 

pBhiescript was digested witii EcoFN as described eariier and treated witii SAP 
(2 U), gel extoacted and purified as described in 4.1. The linker I-Ppo-oligo was ligated 

20 to die linearised and purified plasmid using a 15 X molar excess of tiie insert (17.5ng) 
over the digested plasmid (225 ng) and the reaction mfarture was incubated at +16 »C 
over tiie weekend (o/we). The diluted ligation mixture was transformed into DHSa cells 
witii tiie heat shock mefliod as described earlier. Mini scale plasmid preparations were 
processed fiom tiie cultures grown fi^om selected bacterial colonies as in sectirai 4.1.7 

25 and verified by a digestion witii l-Ppol (Promega). 

4.4 Creating a substrate for integration (pB2LTR+EGFP) 

To generate an integration substrate for the in vitro study, a double stranded 
donor DNA resembling tiie viral long terminal repeat -ends was created. First, for botii 
LTRs (3' and 5' LTR), two complementary and 5' phosphorylated 30-mer 
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oligodeoxyribonucleotides were synlhesised on the basis of sequence information 
obtained fiom studies using in vitro experiments wilii HIV-1 integrase (Biin and Leis, 
2002a). Equimolar amounts (100 pmol) of the 5' and 3' LTR's (G604+G605 and 
G569+G570, respectively; Appaidix I, table 1-4) conq)lementaiy oligonucleotides were 

5 annealed as before in 4.1. 10. 

pBluescript was digested with 1^1 extracted ftom a 0,8% TBE-gd and purified 
as described earlier. The linearised plasmid was then digested with J^I and treated 
with SAP (2 U). gel-extiacted and purified. 200ng of the vector was used in a standard 
15jd ligation reaction containing 2.5 jil of the 3' LTO preparation (25ng). Ugation was 

10 carried out for 30 minutes at room tempeiatuie, after whidi&e volume was increased to 

20^1 by adding 0,5 filT4 ligase buffer (1 OX). lnlT4DNAligase, l^lH20and2,5 ^l of 
the 5' LTR preparation (25ng). Ligation was continued for another 30 minutes, after 
which the ligase was inactivated and the mixture transformed into DH5a cells (4.1.7). 
During the following days, light blue colonies were processed to plasmid preparations, 
15 which were verified by a Seal digestion. Before inserting flie marker gene cassette 
between Ihe LTRs, one of these pB2LTR-plasmid preparations (#1) was verified by 
sequencing. 

The 2561 bp EOPP (enhanced green fluorescent) -cassette to be inserted between 
the LTR-sequences was digested ftom pBVboostFG+EGFP (Laitinen et aL, 

20 unpublished results), gd-extiacted and purified as described before. pB2LTR#l 
(containing 5* and 3* LTRs) was also digested by SphI and treated with SAP. The EGEP 
marker gene cassette was attadied to the digested and purified pBl in a 15 nl-ligation 
reaction containing 110 ng of the digested plasmid. three times its molar amount of the 
EGFP-insert (about 280 ng). 12.5 U T4 DNA Ugase and 1,5 ixl of lOX T4 DNA ligase 

25 buffer. Ligation was first carried out for 1 hour at RT and continued in a refiigeratpr 
(+8°C) o/we. Diluted ligation mixture and its controls were transformed into DH5a-£;. 
cott cells. Ten resulting white colonies were selected for plasmid preparations which 
were diedoed by a Scal-digestion. Correct clones were named pB2LTR+ECaT 
(numbers 1-10) and verified by a Seal digestifm and sequencing. 
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4.5 Sequence verifications of recombinant constructs 

the primers used in sequencing different plasmids are listed in Appendix L 
Plasmids pIP5 and plH5 (from 4.2.3), as well as their corrected versions pkorj.IPS and 
pkorj.IH? (from 4.2.4) were sequenced with tiie four primers listed in table 4.5-L 
5 pBcINS, pPP0site6 as well as the pB2LTR+E6 clone were sequenced wiA 4e primers 
T7 and T3. Expression clones pDIP2 and pDIHl in pBVBoostFG were sequences wiA 

the primers G502, G550, G448 and G449. pDcM was sequenced with the primera G502 

and G550. All sequencing results were analysed using DNAMAN (version 5.2.9, 
Lynnon BioSoft). A suminary of all the DNA-constructsnexcept^e expression plasmids 
10 are illustrated in figure 4.5-1. 



sequencing C3448 G449 T3 T7 G502 G550 
primers/ 

templates . 

pIP5 * * * * . 

plH5 * * * * 

pBcINS * * * * 

pkorj.IP2 * * * * 

pkorj.IH7 * * * * 

pDff2 * * * * 

pDIHl * * * * 

pDcINl * * 

pPPOsite6 * * 

pB2LTRl * * 

pB2LTR+E6 * * " 
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Tabk 4^-1: Primers used for sequencing differeitf DNA constructs. Sequences of the primers 
are listed in Appendix I. 
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30 



pUCori 



flOOri 




KfCSlH 5*l4TR,3'LTR 



pUCori 



AmpRCbla" 




Seal (697) 



Triple-promoter 



AflDpRCUaJ 




EooKV(697) 



IN/cIN 



ArapRCblsl 



n (-) on 

EcaRV(697) 
Spd(7lO) 

pBI-PpoI/pBH98A 

3338bp M/I-PpoI/H9 




Pbc 



Spel(1300) 



fl{.)ori 



Anq>R (bla; 



GFP-cassette 



pUC origin 




Sm(2144) 



Figure 4,5-1: A summary of all the DNA constructs created before transferring the cDNAs of 
cIN, IN-H98A and m-l-Ppol (ftom the plasmids pBcIN, pIH and pIP, respectively) into the 
SO expression vector pBVboosff'G. 



18 



4.6 Bacterial protein expression 

Competent Rcoli strains BL21 (DE3) (Stratagene) and BI21-AI™ One Shot® 
(Ihvitrogen life technologies, catalogue no. C6070-03) were used as expression hosts for 
5 protein production. Time points of Oh, Ih and 3h post infection were takm during 
protein expression e?q)eriments aad glycerol stocks were created from each tested clone. 
Protein production was analysed with SDS-PAGE (4.7.1) and Westem Blotting (4.7.2). 

4.6.1 Analytical scale bacterial protein production 

Protein production was first carried out in the E. coli BL21 (DE3) strain. Bacteria 

10 were transformed with the expression vectors pDIP2, pDIHl and pDcINl and 
pINSD.His. The His-tagged HIV-1 IN encoding plasmid pINSD.His was obtained 
through the AIDS Research and Reference Reagent Program, Division of AIDS, NIAID, 
NIH fi^om Dr. Robert Craigie: pINSD.His; Transformation was performed as follows: 
The bacteria from a glycerol stock or an untransformed colony were spread on an LB 

15 . plate the day before transformation in order to create a "fresh plate" and obtain viable 
colonies. The day following, isolated colonies were picked using a \Q\i\ inoculation loop 
and suspended in 100^1 of ice cold (-H *=^C) CaCh. The suspended bacteria were 
incubated on ice for 15 minutes to render them competent for DNA uptake. DNA was 
added into the suspension (approximately 50-1 OOng, 0,5-1 ^1), after which the mbrture 

20 was again incubated on ice for 30 minutes. Next, the cells were subjected to a heat shock 
at 42° C for 45 seconds and immediately placed on ice for two minutes. 450 jil of S.O.C 
was added on the cells after which they were let recover in a shaking incubator (37° C, 
230 ipm) for 30-60 minutes. Various amounts of the transformation mixtures (50-150 
^il) were plated on LBg plates (LB plates supplied with gentamicin) and incubated at 

25 37°C o/n. 

The following day, a few colonies were selected from each transformed construct 
and cultured in 5ml of 1 X LB supplied with gentamicin (7^g/ml) at 37°C, 250 rpm, 
until the ODm (optical density of culture at 600nm) reached 0,6 - 1 ,0. From these initial 
cultures, 200^1 were used to inoculate 3,8 ml fresh LBg (1:20 dilution of the initial 



19 



culture). Untransfonned BL21 (DE3) samples were processed as controls along the 
expression samples during aUi experiments. 

The inoculated cultures were grown 1,5 to 3 houis at 3T*C, 250 rpm, until they 
reached the mid-log phase (OD^oo «0,4). Protein production was induced by adding 
5 IPTG to a final concentration of ImM. Before induction, a 1ml sample (uninduced. Oh) 
was harvested fi-om each culture. Additional 1 ml samples were collected Ih and 3 h (or 
every fiiU hour until 4 h) post-inductionT-After-harvesting, all samples were immediately 
peUeted by centrifugation (4000 x g, 2 min), suspended in 20-60jil sterile water and 
diluted in 4 X SDS-PAGE sample buflSw. Samples were then Dieatea to y^^C for 5 

10 minutes to lyse the cells and stored at -20°C until analysed by SDS-PAGE. A part of the 
samples were not boiled at this point but stored immediately at -20°C. 

Protein production was also tested in the E. coli strain BL21-AI™ One Shot® 
(Invitrogen). One or half a vial (50 or 25 ^l) of BL21-AI™ was used for each 
transformation of the constructs pDIP2, pDIHl and pDdNl. Transformation was carried 

15 out according to the basic transformation procedure described in section 4.1.7. Three 
transformants (colonies) were selected from each construct and initial culture was growii_ 
as described for BL21 (DE3). From these cultures, 200|il were used to inoculate 3,8 ml 
fresh LBg (1:20 dilution of the initial culture). Untransformed BL21-AI samples were 
processed as controls. The inoculated BL21-AI- cultures were grown 1,5 to 3 hours at 

20 3TC or at 30^C, 250 rpm, until the ODeoo of the culture was approximately 0,4. Protein 
production was induced by adding L-arabinose (20% stock solution, Invitrogen) to a 
fmal concentration of 0,2% and IPTG to a final concentratian of ImM, 0.1 mM or 
0,01 mM. Also, 4e impact of glucose in the growth medium was tested fi)r production of 
the IN-I-Ppol protein (from pDIH). Glucose was added to a final concentration of 0,1% 

25 and all other steps were performed as previously. Expression cultures were usually 
grown at 3TC mcept \Aen testing the impact of lower growth temperature (30°C) on 
protein degradation. Protein production samples were collected and processed as with 
BL21 0DE3) samples. 
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4. 7 Characterisation of proteins 

Samples from bacterial protein expression were prepared for SDS-PAGE 
immediately after harvesting. Before loading on the gel, samples were heated for 5 
minutes at 95°C and placed on ice. The SDS-PAGE gels were blotted on nitrocellulose 
filters (Western blot) and the blotted proteins were identified by specific and sensitive 
antibody staining. Detection of the proteins with antibodies is based on alkaline 
phosphatase-activity conjugatedto-a-secondaiy-antibody (Blake et aL, 1984). 

4.7.1. SDS-RAGE 



SDS-PAGE (Sodium dodecylsulfete-polyaciylamide gel electrophoresis) was 
10 performed usmg a Mini Protean IF" or a Mini Protean device (BIO-RAD). First, a 
10% running gel and a 4% stacking gel were cast (Appendix IV; Sambrook & RusseU, 
2001). 1 O^il of a molecular weight marker (SeeBlue <S> Pre-Stained Standard, Invitrogen) 
and 20 to 50 ^1 of the samples and the controls were loaded in the wells of the stacking 
gel. The gel was first run witfi lOOV for 10 to 20 minutes for Ae samples to migrate 
15 through the concentrating (stacking) gel. The vohs were then raised to 180V (or 200V 
for Mini Protean Hr^ device) and the gel was run for additional -60 minutes. . 

4.7.2 Immunoblotting (Western Blot) 

The proteins resolved by SDS-PAGE were transferred to a nitrocellulose 
membrane (BIO-RAD Trans-Blot® Transfer Medium Pure Nitrocellulose Membrane, = 

20 0.2 fim) using a BIO-RAD Mini Trans-Blot® device according to manufecturer's 
instructions. The transfer took place in cold Kodak buffer run wifli lOOV for 1 hour, 
after which tfie blots were soaked in 0,5 M TBS buffer for S minutes. All proteins on the 
filter were visualised by staining the membranes with Ponceau S- djdng solution (RT, S 
minutes, agitation) by covering Ae blots with the dye. The reaction was terminated by 

25 washing the membranes several times with distilled water. Mraibranes were then 
transferred to a blocking solution (5% non fet dried milk (NFDM) freshly made in TBS 
buffer) and agitated on a rotating shaker for 60 minutes at RT or o/n at 4^C. . 

Primary antibodies used in this study were (1) antisera to HTV-l integrase 
peptide: aa 23-34 (NIH AIDS Research & Reference Reagent Program, catalogue #757) 



21 



and (2) monoclonal Anti-pply-Histidine-Alkaline Phosphatase Conjugate from mouse 
(SIGMA). The secondary antibody for (1) was Goat Anti-Rabbit IgG (H+L) -AP 
Conjugate (BIO-RAD). All the incubations at the antibody detection phase were carried 
out on a rotating shaker. 
5 After blocking, blots were rinsed with TBS-Tween for 5 minutes and incubated 

in the primary antibody -notation (1:2000 both anti-IN and anti-Histag in 5% NFDM 
freshly made in TBS tween, 10 ml / membrane) for 1 hour at RT. When using anti- 
integrase staining; unbound primary antibody was washed with TBSrTween (4X5 
minut^)rihe blots were then incubated in ihe enzyme-linked secondary antibody 
10 solution (goat anti-Rabbit IgG 1:3000 in 5% NPDM-TBS-Tween) for one hour at RT. 
Membranes were again rinsed with TBS-Tween (4 X 5 minutes) to eliminate unbound 
secondary antibody. When using anti-poly histidine antibody staining, blots were rinsed 
with TBS-Tween (4 X5 minutes) after the first antibody probing and no secondary 
antibody was used. 

1 5 Before colorimetric detection of proteins, membranes were equilibrated in APA- 

bufito by an incubation lasting approximately 5 minutes. Detection was adiieved by 
incubating the filters in a NBT/BCIP substrate solution (Roche Diagnostics GmbH, 
Mannheim, Germany), le^il/ml of NBT/BOP in APA buflfer, 5ml per fitter at RT for 5 - 
15 minutes. The colour reaction was terminated by washing the membranes several 

20 times with deionised water. Filters were dried and the results of the staining were 
analysed. 

5 RESULTS 

5.1 Creating expression constructs of cIN, IN-I-Ppol and IN- 
H98A 

25 The plasmid pLJSlO contains the gene for the HIV-1 integrase (IN) (Hong et al., 

1993; Sioud & Drilca. 1991). Plasmid pCNPpoS contains die gene for a eukaiyotic 
intion «icoded homing endonuclease I-Ppol from the myxomycete Physarum 
Pofycephalum (MiiscareUa & Vogt, 1989; Muscarella et al.. 1990). The l-Ppol gene (I- 
Ppol^ in the plasmid pCNPpo6h98a has a mutation diat replaces the amino acid residue 
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histidine in position 98 into alanine. Histidine98 (H98) in the enzyme's active site is 
critical for efficient catalysis of DNA cleavage and its mutation into alanine severely 
diminishes Ihe endonuclease activity of the protein (Mannino et al.. 1999). Therefore, 
throughout this work the H98A mutated and endonucleolyticaUy inactive I-Ppol gene is 
5 called H98A. Plasmids pUSlO. pCNPpo6 and pCNPpo6h98a were taken for use 
wi&out preliminary verification of their sequoices. 

5.1.1 Subcloning the genes for IN, l-PpoI, H98A and cIN 

The genes for HIV-1 integrase, I-PpoI and H98A were PCR amplified as 
described in section 4.2.1. The primers (Appendix I. table I-l) used for PCR 

10 amphfication were designed in a way to introduce new KE sites in the 5' and 3' ends of 
the genes. Two versions were created from the IN gene: one to be attadied fiom its 
PCR-created 3'-jf6aI-end to S'-Spel ended I-PpoI and H98A (IN) and anoflier to become 
expressed without fusion partners (dN; control IN). The PCR reactions were dxecked 
on a 1% TBE gel. The PCR products of the integrase gene were 870 bps long and thie 

1 5 products from the I-PpoI and H98A genes were 570 bps. (Figure 5.1 .1-1) 




870 bps 
570 bps 



Figure SJ,1-I: Analytical and preparative AGE of the PCR products. M: DNA si» maiker 
20 (^eRuler'** DNA Ladder Mix, see Appendix ffl); lanes 1 and 2: IN PCR-producte (870 bps); 
laS 3^4: I-PpoI PCR-products (570 bps); lanes 5-6 H98A PCR-pioducts (570 bps) lane 7: 
negative control of PCR- 
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In order to subclone the PCR products into pBhiescript (Siratagene) the plasmid 
was digested with Ae blunt end cutter EcdRV. gel extracted and purified. Gel ejctraction 
of the digested vector usuaUy strongly reduces the background level resulting fiom non- 
recombinant parental vector. SAP was not used because the bhmt ended PCR products 
created by PJu polymerase lack 5' phosphates needed in Ugating tiie inserts into ^ 
linearised plasmid. iTie linearised pBluescript fiar gel extraction was 2961bps long 
(Figure S.l.l-IO- - — — 
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3ld> 



Figure 5.1.1-n: Preparative AGE of the £i»RV linearised pBhiescsrqrt (2961 bps). M: DNA 
Laddo'Mix 

1 5 The PCR amplified inserts IN, cIN, I-Ppol and H98 A were ligated to the EcdKV 

digested pBluescript as described in subsection 4.2.2. The choice of the ligase was the 
bacteriophage T4 DNA Ugase (MBI) owing its ability to join both blunt-ended and 
cohesive DNA fiagments (Sambrook and Russel, 2001). Ligation mixtures of IN, cIN, I- 
Ppol and H98A with the EcoRV digested pBluescript were transformed into E. coli 

20 DH5a cells. Prior to ttransfonnation, ligation mixtures were heated to 6yC for 10 
minutes to inactivate the ligase. The heat-inactivation step can increase the number of 
tiansfonnants by two orders of magnitude (Michelsen, 1995), Of the colonies developed, 
mini pi^ of all 4e constructs were verified by restriction analysis (4.1.5) and ACS. as 
described earlier. 

25 To screen the IN and dN containing clones, mini preps were first digested witfi 

EcdRL A successfiil clone was expected to appear as two bands of the sizes 465 and 
3366 bps whffli visualised in a TBE-gel (Figure 5.1.1-III, lanes 3-5). Mini preps giving 
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the expected result were further verified by a double digestion using REs Pad and Xbal 
or Pad and Sfil for cIN-clones. These sites were introduced to the insert ends in the 
PCK reaction. The correct clones could be visualised by the detachment of an 870 bp 
sized fragment corresponding to the IN and cIN genes. (Figure 5.1 .1 -EI, lanes 7 and 8). 



M 1 



M 



M 




3kb 

870 bps 
500 bps 



Figure 5.1 J-ID: M: DNA molecular size marker (GaieRuler™ DNA Ladder Mix); lane 1: 
pBluesi^t/':E'co^a;-lane 2: undigested plasmid pBINl;- lanes 3-5: EcdSl digested pBIN mini 
1 0 preps; lane 6: EcdSl digested IN PGR product; lanes 7 and 8; Pad and -X&al digested pBIN mini 
prq7s. Clones on lanes 3, 5, 7 and 8 are correct 

Similarly, the plasmids containing either I-Ppol or H98A were checked by 
digesting the plasmid preparations with BamHL (Figure 5. 1.1 -IV). A correct clone was 

15 expected to appear as two bands of 336 and 3202 bps. Clones were further verified by a 
double digestion with the insert specific restriction enzymes jS^el and Sfil^ which 
produced the 570 bp sized I-PpoI or H98A insert Correct clones of the inserts in 
pBluescript were named pBIN for integrase, pBclN for control integrase, pBIPpoI for I- 
Ppol, and pBH98A for H98A. One of each correct clone was chosen to be used in 

20 creating the fusion gene constructs. 
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Figure 5.1.1-IV: Restriction analysis of pBffpoI and pBH98A mini preps usmg 5amHL M: 
DNA Ladder Mix; lane 1: undigested mini prep pBIPpoI 1^; lanes 2-5: pBffpoI mmi pr^s 
digested with BamHi; lane 6: undigested PCR product I-Ppot lane 7: BaniHI digested PCR 
product I-PpoL Clones (m kmes 2-4 are ccsrect 



5.1.2 Creating the fusion genes IN-I-Ppoi and 1N-H98A 

The IN gene residing in pBIN was fused to the I-Ppol and H98A ftagments 
derived from pBIPpoI and pBH98 A. First the orientations of the gpnes in their relevant 

20 plasmids were deduced by RE digestions. pBIN was digested with Xbal and its 5* end 
was found to stay attached to ibo plasmid while the gene's 3* end was freed along 
plasmid linearisation (Figure 5.1.2-Ib). This orientation was optirnal, considering the 
fiision of the I-PpoI and H98A fragments into the integrase' 3' end. On the contrary, 
pBlPpoI and pBH98A clones were found to detach the inserted transgene when digested 

25 with S^l. the enzyme producing compatible ends to the staggered cut created by Xbal 
(Figure 5.1.2-Ib). The detachmrait occurred because of another .^I-site residing in Ae 
plasmid backbone, next to Ifae inserts 3' end (figure 5.1.2-Ia). Fusions of I-PpoI and 
H98A wifli IN were Aus achieved by ligating ±e S^l cut "fusion partner gene" 
fragment into the Aial linearised pBIN. 

30 Ligation mixtures containing the XbcH linearised pBIN and &e Spel digested 

fragments of I-PpoI or H98A wwe transfonned into DH5a cells as described in 4.1,7. 
Clones with the wanted gene flision were first screened by colony PCR (4.1 .9) instead of 
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directly proceeding to mini scale plasmid preparation from randomly selected colonies. 
A PGR product of «1610 bps (170 bp firom pBluescript + 1440 from fused inserts) was 
expected from colonies having the IN gene fiised to I-Ppol or H98A, whereas plasmids 
having only the IN gene inserted (the "background" clones) would give a product of 
«I040 bps (1704-870 bp; lanes 5,6,8 and 10 in Figure 5.1.2-II). Colonies giving the 
expected 1610 bp result (lanes 1-3, 7, 9 and 1 1 in Figure 5.1 .2-11) were used to inoculate 
5ml LBamp and the cultures were processed to mini preps as described before in 4.1 . 
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Xbal 



Xbdl 




SpeZ 



Spel 
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M 




Figure 5.1.2-Ia: An illustration of 
the inserts' orientation in 
pBhiesoript The iS^I and Jlbal 
sites designed at the junction of the 
IN and I-PpoI / H98A genes are 
compatible and facilitate the 
Joining of the fusion partner gene 
toIN. 



Figure 5,1,2-Ib: Testmg the 
orientation of inserts in 
pBluescript Lane 1: pBIN (1:7) 
/XbaJ; lane 2: pBIN (1:3,4) /Xbal; 
lane 3: pBIPpoI (2:i;j) /S^jel; lane 
4: pBH98A (3:7) /S^eL M: DNA 
Ladder Mix 
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12 M 




ISOObDs 
1031bps 



FJmire 5 12-11 Colony PCRfiom IN-I-Ppol fusion clones. Each lane (1-11) represente Ihe PGR 
Xt^Ja^SS bacterial colony. Zos 1-3, 7. 9 and 11: ^f^^^,^^^ 
gene fiision; lanes 5, 6, 8 and 10: pBIN plasmid containing bacterial clones; lane 12. negative 
contnd of PGR; M: DNA Ladder Mix. 

S^l digested I-Ppol or H98A fragments could become Ugated to the Xbal 
digested pBIN in two orientations (figure 5.1.2-ina and -Hlb) because both 5' and 3' 
ends of the ftagments had compatible ends with the . digested vector. Plasmid 
preparations containing the IN-I-Ppol or IN-H98A fusions were verified by PvuU 
digestions. In addition to showing the presence of the gene fiision. PvuU digestion also 
revealed the orientation of the inserts in respect to each other. Correct orientation of the 
genes fiised to IN was essential considering the fimctionality of the novel proteins 
encoded by the fiision gene. 



XhcX 




SpeX 



Rgure 5.1.2-in: A) Correct orientation of inserts in respect to each other. B) Inveised 
(mentation of IN and I-PpoI in respect to each oflier. 
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The desired fusion (thus I-Ppol's or H98A's 5' end ligated to the integrase' 3' 
end. Figure 5.1.2-IIIB) would result in four bands of the sizes 306, 728, 861, and about 
2500 bps (Figure 5.1.2-IV) when digested with PvuJL The wrong orientation would 
yield bands of 306, 403 and 1186 and approximately 2500 bps. The correctly orientated 
clones were named pIP for integrase-I-PpoI fiision and pIH for integrase-H98A fasions. 
Clones number 5 were chosen from eadi construct (pBdN inchaded) to-be-verified by 
sequencing. 
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Figure SA2.1V'. Restriction analysis of pIP and pIH plasnud P«P?«^,^/^"- 
Slar size maiter (GeneRuler'*^ Ikb DNA Ladder, ^ Appendix HI); ^ • Pf ^ 
?Sl^e 2 to 7: pffl and pIP plasmid mini preps/ PvuTl. Clones on lanes 3 (pMS), 5 (plP2) 
and 7 0?IP5) arp correct 

5.1.2.1 Sequencing results 

Plasmids pBcINS, pIP5 and plH5 were sequenced with the pBluescript's 
standaid primers T7 and T3. Each sequencing reaction gave a two-way sequence that 
spun about 500 bp of the transgenes' sequence in pBluescript. Plasmids pIP5 and pIH5 
were additionaUy sequenced with the primers G448 and G449 (table 4.6-1). These 
primers were designed to. anneal in opposite dir«rtions of the fusion gene's central 
region and they were used to amplify the sequence area not obtained using T3 and T7. 
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Sequencing results were analysed using DNAMAN (version 5.2.9, Lynnon BioSoft) by 
conqwiing Ae obtained sequences to the template sequences (AF029884 (HIV-1 IN), 
M38131 (I-Ppo:0 and sequences of the plasmids pCNPpo6 and pCNPpo6_h98a. 
The sequence of the control integrase gene in pBcINS was found to be correct apart from 
a saent point mutation that did not affect the amino acid residue encoded by the mutated 
codoa Plasmids pIP5 and pIH5, on the contrary, were both afBected by a nonsense 
mutation in position 212 of Ae IN gene. The mutation would cause the raqjressed protein 
to become severely truncated, which made correction of the mutated plasmids essential. 
Also- flie I-Ppol and mSAiaicoding parts-inrplasmids plP5 and pIH5 differed from the 
sequence information obtained from &e plasmid's (pC3SlPPo6 and pGNPpo6h98a) 
provider. To verify this result, second clones from the fusion constructs (pIP2 and pIH7) 
were sequenced with the same primers as pIP5 and pIH5 (table 4.5-1). 

The parental plasmids pCNPPo6 and pCNPpo6h98a were sequenced with the 
primers G7 and F987 (Appendix I). The actual sequence of these plasmids was found to 
differ from ihe initial sequence information given by the plasmids' provider and from 
each other in more *an the expected one position (EBs98-mutation in pCNPpo6h98a). 
■nie sequences obtained from sequencing pCNPPo6 and pCNPpo6h98a were more 
siiiular to the wild ^ sequence ofl-PpoI (M38131) than to the sequence information 
given by the plasmids' provider (table 5.1 .2.2-1). Also, the sequence differences outside 
the expected H98A mutation were found not to have effects on the amino acids encoded 
by the differing codons. TTius, also the I-PpoI and H98A encoding sequences obtained 
from pIP5 and pIH5 were correct as they corresponded to the wild type protein's amino 
acid sequoice. 
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CIiUSTAL multiple sequence alignment 



pcnppo h9Ba-c©ns = consensus sequence from sequenced parental plasmid (pCNPPo6_h98A) 

M38131 - wt I-I^ol sequence 

pcnppo6_H9BA = sequence information obtained from plasmid pCNPPo6-h98a' i 
provider 



pcnppo_h98a-con3 cCCTOTTCTATTiWSAACCGGATAACATCAATO 
M38131 cCCTTTTCTATTAGAACCGGMAACATaVAC^^ 
pcnppo6JH98A CCCTTTTCTATTAQ^CGGATMCATCA^ 

*************************************** ********* ***** 

(1) (2) 

GCN-> His98A mutation 



pcnppo_h98a-cons TCa^TAMACTCGATGCCACJATCCCOTGCACTTGTGC^^ 
M3813l"^ TCaiTAASACTCGATGCCAO^TCCCTTGC^ 

pciq)po6_H98A TCAOS^TACTCGATGCCACAATCCCTTGCACTTGTGCTGGGT^^^ 

************************************************************ 

pcnppo_h98a-cons ASGCAQW^GCTGCCCGGGTCCCAACGGGGNAT^ 

M38131 AGGCAGAAACTGGTGCCOSGGTCCCAACGGGGGATOTGTCCATGCTC 

pcnppoS H98A mGCAOTTTGACCASCCCGGGTCCOACGGGGGA^^ 

****** ****************** *************************** 

<3) 

Figure 5.1.2^-1: Comparing the sequence of the plasmid pCNPPo6h98a to flie wild type 



sequence infonnation of the 1-Ppol gene and to the given sequence mfonnBtiQn by sequence 
alignment Stars represent identical sequence, gaps in the consensus C'stai' -) row indicate 
differences in sequence. The base difference in the first gap (1) has no effect on ammo acid 
5 encoded by the affected codon. Differences in (2) are also silent apart from the His98 mutation 
presented as GCN in the sequence obtained from pCNPpo6h98a's provider (codon showed m 
bolded wt encodes for His and mutated codon for Ala). Case (3) indicates a sequence difiSsrence 
of the parental plasmid compared to wt sequence of I-Ppol, but the actoial sequence dfthe 
plasmid pCNPpo6h98a was found to be identical to the wt sequeiice. The plasmid pCNPpo6 
10 only differed from the wt sequence in the cjq)ectedHis98 encoding tr^lct. 
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6.1 .3 Correction of mutations In pIPS and plH6 

The IN gene in pBcINS did not contain fte nonsense mutation found in position 
212 of the pIP5 and pIH5 fusion insert plasmids. Hiis was partly due to Ihe separate 
PCR-reactions used to amplify integrase genes for different purposes (having different 
5 primers; Appendix I) and because of the possible heterogeneity of PCR products in one 
reaction. 

The plP5 and pIH5 plasmids haiboring the nonsense mutation were repaired taking 
advantage of the unmutated IN gene in pBcIN. A fiagment of 527 bps was detached 
0 from the unmutated pBcIN5 with Pad and AflBL plP5 and pIH5 were similarly digested 
with the two enzymes and treated with SAP. The gel extracted and purified pBcIN 
fiagment (527 bp) was ligated to the digested, gel extracted and purified plasmid 
backbones of pIP5 and pIH5 (3880 bp) lacking the corresponding fitagment. (Figure 
5.1.3-1). A successfiil clone could only be verified by sequencing plasmid preparations. 
1 5 To increase the probability of finding a successfiJ done, mini preps were only prepared 
ftom transformants having low levels of background (Ugation) control colonies. First 
sequenced samples of corrected pIP5 and pIH5 (plasmids pkorj.lP3, pkorjJH7) were 
found tolack the nonsense mutation and correction of the mutation had succeeded. The 
new fosion gene preparations were used in Gateway PCR. 

M 1 2 3 4 5 
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3900 bps ^^^fft/tl^lHff/K^^^^^^^^^^<— 3300 bps 



527 bps 



35 Figure S.13-I: Correction of mutations in pIHS and pIP5. M: DNA molecular size madcer 
(SeRuler™DNA Ladder Mix); lane 1: pIP5/PacI.4/ni; lane2: pffl5/PacI.£jra; lan^3.5^ 
pBcINS/ Pacl. Ajm. The marked bands were gel extracted and punfied and used to create plP 
and plH plasmids without mutations. 
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5.1.4 Gateway (GVyf) PCR 

Gatew PGR (4.2.5.1) was perfonned using the artBl/B2-sites and a 5' Histag 
introducing primers (appendix I, table 1-2) and ihe FailSafe™ PGR PreMix sdection Kit 
(Epicentre). The lengths of the primers G445 (5*), G238 (3* IN-Ppo and IN-H98A) and 
G402 (3* dN) were 86, 70 and 54 bps, respectively, so 110 or 104 bps were newly 
introduced-to-lhe-insetLends altogether. The expected size of the PGR products &om 
amplifying pkorj.IP3. pkorj.IH7 was thus 1440 + 110 = 1550 bps CFigure 5.1.4-Ia) and 
for pBcIN5 974 bps (870 + 104) (Figure 5.1.4-Ib). PGR reactions were run on a 0,8% 
TBE gel and the correct sized bands were gel extracted and purified. 



M 9 
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Figure 5.1.4.1a: Preparative AGE of the GW-PCR products. Lmes 1-8: GW-POl produi^. 
S%lifying pkoJ.IP3 using FaUSafe PCR PreMix™ buffers A-H and lan^ ^'^^'^^ 
PCR Prrfwlix™ buflfers I-L. M: DNA ladder mix. Hie marked bands were gd extracted and 
purified 
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974 bps 



Fiinire 5 1 4-Ib- Preparative AGE of the GW-PCR products finom amplifying PBcIN3. M: DNA 
SESi li.riTGW.PCRpioducts of pBcINS using FailSafc PGR PreMix™ buffers A- 
H. The marked bands were gd CJdracted and purified 

5.1.5 Construction Of final expression vectors 

BP reactions were carried out for the C3W-PCR products of the plasmids 
pkorj.IP3, pkorj.IH7 and pBcINS following the manufacturer's protocol (GATEWAY™ 
Cloning Technology, GibcoBRL®, Life Technologies). The resulting Entiy clones 
(pDONR™ plasmid preparations) were verified by PvuH (MBI) digestions. Conect 
Entry clones were identified by the presence of three bands of 2480, 81.0 and 560 bps in 
the case of plasmid preparations created fiom the IN-Ppo and IN-H98A fusion genes 
(plPentiy 1 and 2 and pIHentry 1-3 . Figure 5.1.5-1). The Entry clones bearing 4e cIN 
gene (pEntiyCIN 1-3) were similarly restriction analysed using PvwlL A correct clone 
was visualised as the detachment of an «850 bp firagment (Figure 5.1.5-II), whereas an 
en^ty plasmid yielded a 602 bp firagment 
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5 M 




2480 bps 

810 bps 
560 bps 



Figure 5J.S-1: Restriction anafysis of pIPentry (2 and 3) and pIHentiy (1-3) plasnud 
preparations by PvuU digestion. M: DNA Ladder Mix; lane 1: plPentiy 2/ iVwII; Urns 2: 
pffentiy S/PvuU; lane 3: pIHentiy l/i»vwn; lane 4: pIHentiy2/i\wn; lane 5: pIHeatiyS/ PvuJL 
Clones on lanes 2-4 aie conect 
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Flaure SIS-TI: Restriction analysis of Entry clones bearing the cIN gene (pEntiyCn>I }-3) by 
Pmn digestion. M: DNA Ladder Mix; lane 1: pEntryClN 1/PvuII; lane 2: pEntiyCIN 2/PvulI; 
35 laneS: pEntryCIN3/Pvan. Clones on lanes 1 and 2 are cotrBct 

Destination vectors tiiat were created by the LR reaction between the Entry clone 
plasmids (pn»entry3, pfflentryl and pEntryCINl) and the Destination vector 
pBVboostFG (OUi Laitinen et al., unpublished results), were similarly carried out 

40 following the manufecturer's instructions. Mini preps were processed from the clones of 
tiie colonies resulting from the LR-reactions and verified by PvuU digestions. The 
correct expression clones pDIPl-5 and pDIHl-5 were characterised by the appearance of 
5 bands of the approximate sizes 4800, 2600, 800, 542 and 144 bps (Figure 5.1.5-ID). 
The PvuU digested intact plasmid pBVBoosffG was run next to the Destination plasmid 

45 digestions as a control (resulting in four bands of the sizes 4973, 2684, 1433 and 144 
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bps). The coirect Expression plasnoids containing cm could be identified by tbe 
detachment of about 800 bps fiagment upon digesting with PvtM (Figure 5.1.5-IV). 
Clones giving the expected patterns were named pDIP, pDM and pDdN, the initial D 
standing for Destination plasmid. 



Ml 2 3 4 



7 8 9 10 11 M 



4800 bps 
I— 2600 bps 

■ ^ 800 bps 
H- 542 bps 

g 144 bps 



Figure Sa^-m: Restriction analysds of expression vectc«;s pMP 1-5 f"* P^J^n^^^ 
10 diction. M: G^neRuler^ Ikb DNA ladder (see Appendix ffl); Ume }U^^^,%^^ 
lanes 2-6: plasmid mini preps pDIP 1-5/ PvuU; lanes 7-11: plasmid nurn preps pDIH l-5/i>v«n. 
All clones are CMrect except flie done on lane 10. 
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• 800 bps 
I—. SOQbps. 



9n FSonre 5 l^-IV' Restriction anahrsis of expression vectors pDcIN 1-6 by PvulL digestion. M:l 
S^NA liito gS (see A^ A Lane 1: pBVBoostFG / PvuU; lane 2-7: pDcIN 
plasmid mini pieps/ PvuH, 
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Gene constructs in Ifae final Expression vectors (clones pDIP2, pDIHl and 
pDclNl) were verified by sequmcing with the primers listed in table 4.1.S-I. Sequencing 
results revealed Ae clones pDIP2, pDIHl and pDcINl to be correct These plasmid 
prq>arations were used for bacterial protein production (4.6) 

5 5.2 Preparing the integration target plasmid (pPPOsite) 

To prepare a plasmid that containes tfie cleavage site for I-PpoI» a double- 
stranded oligonucleotide containing the I-Ppol recognition sequence was inserted into 
. the EcoR V site o f pBluescript The pr eparation of t he oligonucleotide linker (I-Ppo- 
oligo) comprising the IS bp recognition sequence, as well as other steps in creating the 
10 plasmid pFPOsite, are described in section 4.3. 

The pFPOsite-plasmid mini preps were verified by restriction analysis using tiie 
enzyme I-Ppol Iomega). Clones bearing the I-Ppo-linker inserted became linearised 
upon digestion (Figure 5.2 -I). One clone (pPPOsit^) was fiirther verified .1^ 
sequencing the plasmid witfi the primers T7 and T3. Sequmcing revealed that the I-Ppo- 
15 linker was incorporated as two copies in the EcoRV digested pBluescript Sequence of 
the linker was correct 
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Figure 5.2 -I: Restriction analysis of pPPOsite plasmid mini preps by l-Ppol digestioa M: 
DNA Ladder Mix; Lane 1 : undigested pPPOsite mini prep 1; lanes 2-11: pPPOsite mini preps 1- 
10 / I-J^al; lane 12: a background plasmid (pBluescript)/ l-PpoL All clones on lanes 2-11 are 
correct. 
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5.3 Creating a substrate for Integration (pB2LTR*EGFP) 

Requirements for the HIV-1 integrase substrate are, that it ou^t to be bhmt 
ended, double stranded DNA, flanked with at least 15 base pairs of each of the viral 5' 
and 3' long terminal repeat ends (LTRs) (Brown, 1997). The terminal 20 base pains of 
the LTRs contain the crucial sequences needed for integration by fflV-1 IN, most 
importantly tiie dinudeotides 3'CA two bases away from each LTR's end (Brin & Leis. 
. 2002a) 

The LTR ends were designed to be easily clonable to pBl uescript and later to 
aUow the insertion of a marker gene cassette between the LTRs (see figure 5.3-1). The 5' 
LTR was designed to fit to .Kpnl-digested pBluescript firom its 5' end and to the other 
LTR from its 3' end. The 3' LTR was designed to be Ugated to pBluescript firom its 3' 
end's S^el site and to the 5' LTR from its SphI site. In addition, extra endonuclease 
cleaving sites were introduced in both the LTR-sequences: Seal sites partly embedded in 
LTR sequences would allow release of the LTR flanked blunt ended EGFP cassette 
bearing the crucial CA dinudeotides in both its 3* ends, two nucleotides away fitom the 
LTRtramini. 



C AGT ; ACTG GR W5G GOT RKT TCA CI GCRPG 
CATGG TCA j TGAC CT TCC CGK TTA AGT GA C - SphI 

i 

seal 



cniij _■ C TGT GGR.AAA TCT CTA GC ABT iftCT A 

GTACG ACA CCT TTT AGA GAT C GTCA ! TGA TGATC - *el 

Seal 

FiBure S3 -1: Stnictmc of the LTRs after hybridisation. The vpper sequence presents flie 5' 
LTR and flie lower corresponds to the 3' LTR The restriction site of Sail is underlined and the 
CA-dinucIeotides in each 3 ' end are bolded 

i 

The preparation of the 5* and 3* LTRs, as weU jis their ligation into the IQml and 
digested pBhiescript is described in section 4.4. Mini preps were processed from 
light blue colonies that most likely had the short LTR sequences (that only partially 
hindered the read-through of the a-fiagment gene) | inserted in the MCS. Plasmid 
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preparations (pB2LTR #1-3) were verified by restriction analysis using Seal (MBJ). 
Insertion of the two LTRs created two restriction sites for Seal in addition to Ae sit© 
already residing in pBluesoipt A correct clone having boA flie LTRs was thus 
identified by the detachment of an 1 160 bps long ficagment from pBluescript (the 
sequence between Ae LTRs could not be detected due to its shortness) (Figure 5.3-1)- 
Before inserting tfie marker gene cassette betwem the LTRs, a pB2LTR-plasmid 
preparation (pB2LT Et#l ) was verifi ed by sequencing. Sequencing results obtained wift 
the primers T7 and T3 showed the plasmid to be as expected, ie. having both the 5' and 



M 1 2 3 4 5 




3000 bps 
1800 bps 

1160 bps 



Figure 53-1: Restriction analysis of pB2LTR plasmid preparations (#1-3) by Seal. M: DNA 
Ladder Mix. Lane 1: undigested pB2LTR#l; lane 2: pBluescript / Seal; lane 3: pB2LTR#l / 
Sbfll; lane 4: pB2LTR#2/ Seal; lane 5 : pB2LTR#3/ Seal. Clones on lanes 3 and 5 arc conect. 

The triple promoter containing EGFP marker gene cassette from pBVBoostFG- 
EGFP (Laitinen et al., unpublished results) was cut using S^hl (Figure 5.3 .-II). The 
cassette was introduced into the pBluescript construct bearing the 5' and 4e 3* LTRs 
(pB2LTR#l) as described m 4.4. Insertion of the 2620 bp cassette could be verified by 
digesting mini preps with Seal, whidi was designed to free the blunt ended EOT 
cassette. A correct clone was identified by the detachment of flie EGFP-marker gene 
cassette (about 2620 bp) and two bands of about 1100 and 1800 bps resulting from the 
plasmid backbone. Restriction analysis showed 8/10 tested mini preps to be correct 
(Figure 5.3-III). Sequence of tiie EGFP cassette was assumed to be correct because it 
had not been modified after its sequence verification in pBVBopstFG. Orientation of the 
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cassette in respect to Ihe LTRs was not cracial because the cassette itself carried the 
promoter elements needed for tfie expression of EGFP. 
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2620 bps 



Figure S3-U: Pi^arative AGE of the Sphl digested EGFP cassette. M: DNA Ladder Mix. 
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Rwire 53-m: Restriction analysis of pB2LTR+E plasmid preparations. M: DNA Ladder Ivtoc 
Ljmes 1-10: mini preps p2LTR+E #1-10 / Seal. Clones on lanes 2 and 3 are not My correct (an 
extra band of about 500 bps), all others are conect 

5.4 Bacterial protein production and analysis 

The fiision genes IN-I-Ppol and IN-H98A were created in order to study the 
functionality of the novel fusion proteins they encode for, and to compare it with the 
activity- of the native HIV-1 integrase (clone HXB2. cBSf in .this stiidy). The genes were 
transferred into Destination vectors (pBVBoostFG) to be able to produce the proteins. 
Protein production experiments were carried out in bacterial cells using the E.coU strains 
BL21 (DE3) (Stratagene)andBL21-AI™0ne Shot® (Invitrogen)as expression-hosts. 
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5.4.1 Sample harvesting and preparation for SDS-PAGE 

The bacteria were transformed with the expression vectors pDIP2, pDIHl and 
pDcINl as described in 4.1.7. As a positive control for expression studies, also Ae 
plasmid pINSD.His (Engehnan and Craigie 1992. Craigie et al 1995) was transformed 
5 into the expression host bacteria. Bacterial colonies were grown in a shaking incubator 
until the cell density reached the ODeoo value of 0,6-1. At this stage, a part of Ae 
culture was inoculated in firesh LBg media to compose Ae actual expression culture. 
Glycerol stocks were created from the remaining midal cultures of each clone. The 
expression culture was grown until the cell density reached-fte-mid-log phase (ODaoo 

10 «0,4 ) in order to maximise the capacity of the bacteria to overexpress the wanted 
proteins. As a control for Westem blot, untmnsformed bacterial samples were processed 
along the actual expression (and positive control) samples. 

Protein production in Rcoli BL21 (DE3) cell culture was induced by adding 
IPTG (lOOmM) to a final concentration (cfinai) of ImM. Addition of IPTG induces flie 

15 expression of the RNA polymerase T7 (TTKNAP) from the lacUVS promoter. 
Expression of the T7 promoter can however be leaky, i.e. be "on" also in absmce of the 
inducer in this celL This can lead to uninduced expression of heterologous proteins, 
IvhicKlhajTrepresent a disadvantage if the protein product is toxia In effect, the gene 
product of pDIP2 was observed to hinder the growth of transformed bacteria on LB 

20 plates, as well as growth of bacterial cultures in LB media. Strict expression control was 
therefore a relevant issue in bacterial protein production. 

BI^l-AI™ One Shot® celb wwe induced with Ae addition of IPTG (Cfi««i 1-0,01 
mlVO and L-aiabinose (Cfinai 0,2 %). L-arabinose induction was needed to induce 
e>q)ression of the TTRNAP from the ardBAD promoter (Pbad) in BL21-AI Qjoe 1980. 

25 Lee et al., 1987). Because 17 KNAP levels can be tightly regulated in BL21-AI, the 
strain was thought to be especially suitable to expt&ss possibly toxic genes. Various 
amounts of IPTG were screened to study the eflEects of different mduction levels on the 
stability of the oveiexpressed protems. Also different growing conditions (lower 
temperature, addition of gliicose) were tested for tiie same purposes. 

30 Both the strains BL21 pES) and BL21 -Al are deficient of the proteases Ion and 

OmpT (outer membrane protease) w*dch cause degradation of e3q)ressed heterologous 
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proteins in bacterial cells (Grodberg & Dunn, 1988; Studier & Moffat, 1986). Lack of 
tliese proteases thus reduces possibility of protein degradation in heterologous protein 
expression studies. ^ 

Time points of Ih, 2h, 3h and 4h (or some of them) were taken during e}q)ression 
5 experiments with both strains to define an ideal time for heterologous protein expression 
and stabiUty. Samples were also taken from the cultures before induction (Oh, UI) to 
assess the level of basal protein egression. All samples were harvested and prepared as 
described in section 4,7. Sample boiling immediately after cell pelleting was important 
in order to lyse the cells and inactivate the host's intracellular proteases. Part of the 
10 samples obtained from BL21 (DE3) transformants were frozen right after sample 
preparation (cell pelleting and addition of SDS-PAGE sample buflfer) and boiled only 
before loading on the SDS-PAGE gel. Protein production was analysed by SDS-PAGE 
(4.7. 1 ) and Western Blotting (4.7.2). 

5.4.2 SDS-PAGE and Western Blotting 

15 Denaturing SDS-PACffi was performed as described in 4.7,1. The proteins were 

blotted onto nitrocellulose membranes during Western blot and stained as described in 
4.7.2. Staining witfi tfie poly-histidine recognising antibody revealed the sizes of 
fragments bearing the N-terminal GXffis fusion Q?igure S.4.2-II, right half of the blot) 
whereas staining with the HIV-1 integrase specific antibody revealed all fragments 

20 bearing the N-terminal region (amino acids 23-34) of the IN protein. An l-Ppdi specific 
antibody was not available for use, but the size difference of the proteins derived from 
pDIP2 and pDlHl expression cultures compared to pDdN derived proteins revealed the 
presence of correct fiision proteins (e.g. Figure 5.4.2-II). The protein product expressed 
from pDcIN was expected to be 32 kDa (as the monomeric wt HIV-1 integrase) and 

25 those of the IN-H98A (pDlH) and IN-I-Ppol (pDIP) fusions 50 kDa (32 kDa + I-Ppol or 
H98A 18 kDa per monomer). A positive control for the immunoblot staining was 
prepared from the plasmid pINSD.His in the same way that e^q^ression samples from 
pDcINl, pDIP2 and pDIHl were processed. This His-tagged control reacted with both 
antibodies used in this study and revealed the size of the cloned integrase and the 

30 presence of the poly-histidine tag in the protein's N-terminus. 
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Immunoblots derived fiom the expression samples in BL21 (PE3) showed the 
presence of expected protein bands resulting from specific antibody interactions in the 
staining procedure (Figure 5.5.2-1). In addition to the correct siz^ gene products of 
pDIH (Figure 5.4.2-1. lanes 2-4; correct size is marked with a black anew), pDIP 
5 (Figure 5.5.2-1, lanes 5-7). and pDcIN (not shown for BL21(DE3). but see figure 5.4.2- 
W for BL21-AI). numerous smaller bands were present in the blots. Proteins were 
thought to be subjected to degradation at some point of the expression pathway, possibly 
due to the strong basal expression from tiie T7 promoter and flie consequential large 
quantity of the heterologous proteins in the cells. Expression of the heterologous 
10 proteins occuaed already at the uninduced state of the BU21 (DBS) culture (Figure 
5.4.2-1. lanes 2 and 5). which was tiiought to have contributed to protein instabiUty. 

Marked inhibition of bacterial growth was observed in cultured K cott BL21 
(DE3) cells when transformed with the expression plasmid pDIP2 (Figure 5.4.2-1. lanes 
5-7). First, it was difficult to obtain any colonies when the bacteria were transformed 
15 with pDIP2. Secondly, both the initial culture as well as Ae expression cuhore of the 
pDiP2 transformed BL21 (DE3) cells grew very slowly if at aU. FinaUy. the cells that 
could be extracted from the induced pDIP2 tmnsformed BU21 (DE3) cultures had very 
Utde amounts of the expressed IN-I-i^I proteins (Figure 5.4.2-1, lanes 5-7). 

To test wheflxer tiie expression products of pDIP2. pDIHl and pDdNl would be 
20 more stable when expressed in a stiain more suitable for expression of toxic proteins, the. 
experiments were repeated using the Kcoli strain BL21-AI (Figures 5.4.2.n to 5.4.2.V). 
Lnmunoblotting results showed lower levels of basal expression in BL21-AI than m 
BL21(DE3) (Figure 5.4.2-in. lanes 2 and 3; Figure 5.4.2-IV. lanes 2-4; Figure 5.4.2-V. 
lanes 1-3 - compare e.g. with lane 2 in figure 5.4.2-1). but no dear enhancement m 
25 protein stability could be observed (Figures 5.4.2-nto 5.4.2-V). Different levels of IPTG 
induction did not change the expression levels.from DcINl and pDlHl, nor did they 
affect protein stability (Figures 5.4.2-IV and 5.4.2-V). 

Expression of the IN-I-Ppol protein from pDIP2 was again hindered as already 
observed with pDIP2 infected BL21 (DE3) cells. The protein product was thus bought 
to be toxic for the expression hosts used in fl,is study. Addition of glucose (0,1 %) to the 
LB plates and the growth media was tested with pDIP2. because it may prevent 
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problems associated vnAi the basal level expression from a toxic gene in BL21-AI cells 
[Manual for BL21-AI cells (Invitrogen) and referraces therein]. Glucose addition was 
found to have strong suppressive effects on the expression levels of the protein, but no 
significant improvement was observed on protein degradation (Figure 5.4.2-10, lanes 4- 
5 7). 



1 2 3 4 5 6 78M' 




Figure 5.4J-I: Immunoblot from protein expression in pDIHl and pDIP2 transformed BL21 
20 (DE3) cells. The blot was stained with anti-integrase specific antibody. M: Protein molecular 
weight standard (SeeBlue® Prc-Stained Standard, Invitrogen) Lane 1: BL21- control 
(untransformed cell extract); Lane 2: pDIHl uninduced (UI); Lane 3: pDIHl Ih; Lane 4: pDIHl . 
3h; Lane 5: pDIP2 UI; Lane 6: pDIP2 Ih; Lane 7: pDIP2 3h; Lane 8: positive control (+) 
pINSDJiis 4h. Tlie specificity of the antibod/ (anti-HIV-1 integrase) can be noticed from the 
25 unstained cell control (lane 1) and fixmthe staining ofthe 32 kDa sized integrase protein in lane 
8 (+; migrating near die 36 kDa size marker). Strong basal e?q)iession levels can be seen by 
comparing the expression intensities of lane 2 (pDIHl UI) to lane 3 or 4 (pDIHl; 1 and 4 hours 
after iPTG induction, respectively). Low e3q)ression levels of pDIP2 transformed cells indicate 
toxicity of the protdn product (lanes S^T). Black arrows show the ^q>ect6d sizes of the . 
30 e?^ressed proteins. 
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s V- nDIH orotein ejcpression in BL21-AI cells testing the impact of differeirt 

ffTG indudSon. samples UI, Ih and 3h. respectively; lane 13: BL21-AI ceU conlioL BiacK 
anows show flie expected sizes of proteins. 
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6 DISCUSSION 

The choice of the vector type for gene tiierapy applications wUl afGect ihe 
persistence and stability of the introduced gene in the treated cells. Non-integrating 
vectors, such as adenoviruses, heipes-simplex viruses, baculovimses and Rep-ddeted 
5 episomal rAAVs can mediate tiansgene expression for restricted periods of time. 
Sometimes the non-integrated vector DNA may however persist in the ceU for even 9 
months, as observed for rAAV (Pfeifer & Verma. 2001; Kootstra & Venna. 2003). In 
contrast, integrating vectors usuaUy stabilise the persistence of Ihe transgene in the host 
genome conferring long-term expression of the introduced gene. As noted earUer. 
10 integration does not always ensure stable and constant expression of the tiansgene. as 
factors associated with chromatin stmcture and activity may affect Ihe expression levels 
of transgenes and lead to vector sUencing (PanneU & Ellis. 2001). Other problems 
associated with integrating vectors are the possibility of insertional mutagenesis and Ihe 
inappropriate activation or inactivation of nearby genes by the integrated vector DNA 
15 (Verma & Somia, 1997; Kootstra & Verma. 2003). The French study is a good example 
of a gene therapy trial ending up unexpectedly. Children suffering ftom X-linked severe 
combined immunodeficiency disease (SOD-Xl) were treated by retrovirus vector based 
gene therapy (Cavazzana-Calvo et al.. 2000). First, the treatment was able to provide 
clear clinical benefit by fully correcting the disease phenotype. Tluee years after the 
20 reported success two of the cured children had developed a leukemia-like iUness 
resulting ftom the integration of retiovims genome near an oncogene (MarshaU, 2003). 
Retroviral gene therapy has also caused leukemia in mice (Li et al.. 2002). Both of these 
examples emphasise how important it is to develop integrating vectors capable of 
targeted transgene integration into benign loci of the human genome in order minimize 

25 Ae risks associated with random transgene integration. 

Hie aim of this study was to create a novel fosion protein m-I-PpoI for use in 
gene therapy applications. The new fusion protein was designed to be capable of 
catalysing targeted mtegration of retrovirus-like DNAs into a benign locus in the human 
genome. The aim also inctoded the preparation of DNA constnrcts required for testing 

30 the IN-I-i^I fusion proteins' activity in vitro. The homing endonuclease 1-PpoI 
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. recognises and cleaves its target site present in the 28S rDNA of humans (Monnat et aL. 
1999). In conjunction wilh the HDEV-l IN it is designed to target IN-mediated integration 
of the Aerapeutic genes into its iDNA site in humans. Heterologous gene expression has 
previously been reported ftom the I-i^poI site in the yeast iDNA (Lin & Vogt. 2000). 
i which proves that fanctional proteins -possibly also therapeutic ones- can be expressed 
as pol I transcripts fiom the rDNA of eukaryotic ceUs. 

6.1ln vitro tests for HIV-1IN 

Hie earliest in vitro assays studying the integration mechanisms of retroviruses 
used preintegration complexes (MCs) direcfly isolated from infected ceUs (Brown et aL. 

D 1987; Famet & Haseltine, 1990; Lee & Coffin. 1990); The more recent assays use the 
recombinant purified IN protein of difEerent retroviruses in conjunction wiA short 
synthetic oligonucleotide substrates that mimic the ends of the viral DNA molecule. In 
optimal conditions, these assays have shown that the purified integrase alone can 
catalyse die major steps of integration, namely the 3' end processing and the 3' end 

5 joining (strand transfer) reactions (Bushman & Craigie, 1991; Craigie et al., 1990; Katz 
etal.,1990). 

The 3- end processing- activity of the IN requires the purified protein and 
ladioactively labelled double stranded oUgonucleotides containing sequences derived 
from the ends of either the U5 or the U3 LTRs (Chow. 1997; Brown, 1997). C3el 

SO electrophoresis is conventionaUy used to resohre the shortened products from the 
substrates. The 3' end joining (strand transfer) reaction can be carried out with a similar 
composition, but the substrate is often "pre-processed", i.e. lacks the dinucleotides 
cleaved during the 3' modification step. The IN does not recognise special features of 
the integration target m vitro, so the target can either be the same molecule as the 

25 substrate or a cireular plasmid DNA The joming reaction can be assayed by the 
appearance of products that are longer in length than the input DNA in gel 
electrophoresis. The integration products may optionaUy be first phenol-chloroform 
extracted and elhanol precipitated, after which they can serve as templates for PCR 
(Chow. 1997). In addition to fecUitating the detection of different sized products, PGR 

30 can alio be used to fedUtate the sequencing of the integration sites to reveal possible 
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integration hot spots and the characteristic 5 bp dupHcatioiis created by HIV-1 DNA 
integration. The site of the joining is largely random fi»r the wt HIV-1 INf and the lengths 
of the products may therefore vary greatly (Chow, 1997; Brown. 1997). 

The concerted integration (3' end joining or strand transfer) of two viral DNA 

5 ends into a target DNA is harder to achieve in vitro. Often the in vitro assays described 
above result in the joining of one DNA end into one strand of the target DNA (half-site 
integration) (Chow. 1997; Biown. 1997). The concerted integration can more accuxat»ly 
be studied using isolated PICs that (in addition to IN) provide tiie accessory enzymes 
required for foil-site integration (see below). A circular plasmid DNA is used as the 

10 integration target and the event can be assayed by tiie presence of a selectable marker in 
the recombinant product or by southern blotting. This assay better resembles integration 
of retroviruses in vivo, as the recombinant HIV-1 IN has been shown to require the 
virally encoded nucleocapsid (NC) protein (Carteau et al., 1999) or the host-derived 
HMG-I(Y) (Hindmaish et aL. 1999) 1» perform efficient foil-site integration i« vitro. 

15 EventhoughtheconsensusisthatatleasttheviialNCisrequiiedforfon-siteint^gration 

in vitro (e.g. Brown. 1997; Carteau et al.. 1999). Sinha et al. (2002) suggested that using 
recombinant IN alone it is possible to obtain foU-site integration of two donor termini 
without any ceUular or viral protein cofectors in vitro. They concluded that the key 
fector aUowing recombinant wild-type IN to mediate foU-site integration is tiie 
20 avoidance of high IN concentrations in its purification and in tiie integration assay. 
However, flie reaction end-products that tiwy accounted for foU-site integration products 
involved 'tiie conceited insertion of two LTR ends (U5 and U3 LTRs) per target DNA. 
not discriminating whether the LTRs were fiom tiie same substrate molecule or ftom 
two separate ones. Such concerted integration products are not comparable witii tiie foU- 
25 site integration products ofretroviial genomes tiiat form tiie provirus. 

Being aware of tiie possible end-results of tiie in v«ro integration assays, tiiis 
study was designed to provide tiie minimal components for tiie first step in testing tiie 
targeting abiUties of a new fosion protein IN-I-i^l Possible half-siti integration 
products will reveal tiiat tiie HIV-1 integrase retains its activity in tiie context of tiie 
30 chimeric recombinant fosion protein. Analysis of tiie integration shes oh tiie target DNA 
plasmid wUl shed tight on the targeting possibiUties by tiie protems fosed tt> HIV-1 
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integrase. Also, the endonucleolytic activity ofl-Ppol or its mutant form (l-Ppol-) H98 A 
fused to m can be assessed by a simple cleavage experiment using the 1-Ppol 
recognitions site plasmid pPPOsite. In case the in vitm integration e)q,erimeat should 
result in full-site integration products, a marker gene (ECTP) is inchided m the 
integration substrate to fecilitate the screening of these events. Integration sites can be 
screened by PGR or RE digestion in either case, or radioactive labels can be 
incorporated to the integration substrate for fester observation by autoradiograms. An 
outline of the expe cted in vitr o integmtio n process is prov ided in figure 6.1-L 



(A) 



GTACrGGAAGGGCTAATTCACTGCATO 
CATGACCTrCOCOATT AAGTOAC OTAC 




CATCKrrGTGGAAAATCTCrAOCAQTAC 
OTAOOACACCmTAGAGATCarCATO 



Donor DNA (2LTR-EGFP; 2650 bp) 



MtegratLon products; 




. Acceptor DKA (pPPOatc or pBSIft 3000bp) 
• mV-l IN / XN-I-P/wI / IN-H98A 




Concerted or ftiU-slta bitegralion 



hair-stte bitegiation products 



^or SSSTSiS Oeft) Sd from non-concerted integration by two or more (middle) or one 
(ri^t) donor DNA molecules via one-ended mtegration events. 
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6.1.1 Generating an integration target plasmid 

To study the directed integmtion possibly achieved ^vi1h the fosionproteim 
Ppol or IN-H98A, an integration target plasmid with the recognition site for 1-PpoI was 
created The 15 bp sequence for the recognition site was adopted from previous studies 
using IrPpol Osdamiino et al.. 1999; Mom.at et al.. 1999; Ellison & Vogt, 1993; Argast et 
al 1998) The recognition site was generated by hybridising two complementary 
oiio^^tides dSlI ^d G517 (Appendix 1, table 1-4). after which 4e linker was 
cloned to the ^RV site of pBluescript (Stratagene). Insertion of t he linker was verified 
by both 1-Ppol (Promega) cleavage and by sequencing. pBluescript without the l-Ppol 
recognition site was planned to serve as a control plasmid for Ae in vitro integration test 
to Weight the possible differences in the integration patterns of the wt HIV-1 IN (dN 
in this study) and the proteins IN-I-Ppol and IN-H98 A . 

6.1.2 Preparing the LTR-flanked integration substrate 

The HIV-1 integrase, like other retroviral integrases. recognises special features 
5 at the ends of the viral DNA located in flie U3 and U5 regions of the long terminal 
repeats (LTRs) ^rown. 1997). The LTR temiini are the only viral sequences thought Id 
be required in cis for recognition by th^' integ«tion riaohinery-of retroviruses. Short 
imperfect inverted repeats are present at the outer edges of the LlRs in bo* murine and 
avian retroviruses (reviewed by Reicin et ai. 1995). Along with the subtermmal. CA 
0 located at the outemiost positions 3 and 4 in retroviral DNA ends (positions 1 and 2 
being Ihe 3' end processed nucleotides; see figure 2.4.1-1). these sequences are both 
necessary and sufficient for correct proviral integration in vitro and in vivo. However, 
also sequences internal to the CA dinucleotide appear to be important for optmial IN 
activity (Brin & Leis. 2002a; Brin & 2002b; Brown. 1997). The terminal 15 bp of 
15 the HIV-1 LTRs have been shown io be crucial for correct 3' end processing and strand 
transfer reactions in vitro (Reicin et al.. 1995; Brown. 1997). Longer substrates are used 
more efficiently than shorter ones by HIV-l IN which indicates that binding interactions 
extend at least 14-21 bp inward from the viral DNA end. Brin and Leis (20raa) analysed 
the specific features of the HIV-1 LTRs and concluded that both the U3 and U5 LTR 
30 recognition sequences are required for IN-catalysed concerted DNA integration, even 
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though the U5 LTRs are more efficient substrates for IN processing in vitro (Bushman & 
Craigie, 1991; Sherman et al.. 1992). The positions 17-20 of the IN recognition 
sequences are needed for a concerted DNA integration mechanism, but the HIV-1 IN 
tolerates, considerable variation in both the U3 and U5 temiini extending from the 
5 invariant subterminal CA dinucleotide (Brin & Leis, 2002b). 

For this study the wild type 20 bp HIV-1 IN reco£?iition sites of the viral LTRs 
were adopted from Brin and Leis (2002a) who had used a mini donor DNA substrate for 
concerted integration in Mtrv. As described previously, the deoxyoligomK^l eotides we re 
designed in a W that the EGFP expression cassette could be oloneTbetween the 
10 pBluescript contained 5' and 3' LTOs. In addition, the 5' and 3' LTOs web designed 1o 
contain a unique Seal site that enables the digestion of the correctly bhmt ended LTR- 
ECTF-LTR (2LTR-EGFP) integration substrate construct A blunt ended integration 
substrate was created instead of a pre-processed one because it would aUow detection of 
both the 3' end processing and the strand transfer reactions catalysed by IN. The ECTP 
15 marker gene was inserted between the LTRs to fedlitate Uie recognition of &U-site 
integration products that could perhaps be transformed into bacteria and selected in a 
biological assay (Brin & Leis. 2002a). The consteuct pfiVboosffG+EOT. from which 
the EOT expression cassette was cloned, beara promotes for protein «q>ression in 
insect ceUs. mammalian cells and bacteria (Laitinen et al., unpublished results). All Aese 
20 promoters were retained in *e LTR-BCTP construct cloned into pBluescript Id fiicililate 
the possible switch of the host for the fotnre biotogical assay of i« vi^ro integrant 

6.1.3 Creation of expression constructs 

The integrase of HIV-1 has previously been shown to retain its activity when 
frised to DNA binding proteins and to become targeted by the sequence specific protein 

25 to which it is fiised (Bushman. 1994; Bushman. 1995; Goulaouic & Chow. 1996; 
Pavletich & Pabo, 1991; Bushman & Miller, 1997; Holmes-Son & Chow, 2000). In the 
present study, the gene for the HIV-1 integrase (AF029884, clone HXB2) was fosed to 
the homing endonudease I-Ppol CM38131) and to its mutant form H98A. Also a single 
form of the wt HIV-1 IN was subcloned to provide a control for the future in vitro tests. 

30 First. the.fUsion of the IN to its fosion partners was achieved through subdoning the 
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cDNAs into pBluescript Next, the cDNAs of m-l-PpoI, IN-H98A and dN were 
transferred to pBVboostFG (Laitinen et al.. unpublished results) which is a universal 
expression vector compatible with recombinational cloning based on the bacteriophage 
X recombination system (Landy, 1989) of the Gateway™ cloning technology 

5 Ohvitrogen). The advantages of cloning the constmcts m-I-Ppol IN-H98A and dN into 
this vector he in the versatility of the vector driven expression of the cloned genes in 
ymsm cells (Laitinen et al., unpublished results). Also, cloning the cDNAs into this 
vector is simple and has the advantage that baculoviral bacmids can easily be generated 
from the consttuctsl^iSiig in~pB\WffG" (i:aitinen et aC unpublished results). 

10 Baculoviruses are arthropod viruses that have long been used in expressing recombinant 
genes in insect cells and more recently as mammalian ceU gene-deUveiy vectors (Kost & 
Condreay, 2002; Huser & Hofinann, 2003). 

6.2 Protein expression and characterisation 

6.2.1 Hosts for recombinant protein expression 

15 Recombinant proteins can be overexpressed in various host cells. The most 

common and cost-efiEective expression host has for a long time been bacteria, of which 
special K coli strains have been devel<q)ed to optimise recombinant protein yields and 
convenience of protein production (Georgiou, 1996). The advantages associated with 
bacterial protein expression systems are the ease of protein production and cell growing, 

20 time-saving and cost-efifective expression protocols, versatility of bacterial phenotypes 
for different needs and usually high expression levels of most heterologous proteins. 
Prokaryotic e;q)ression systems are, however, deficient of the posttranslational protein 
modification systems provided by eukaiyotic cells. When expressing a eukaiyotic 
protein in a prokaryotic host, this fector may cause problems in protein yield. solubUity 

25 or activity if the expressed protein is incorrectly (or inadequately) folded (Georgiou. 
1996). The production of proteins that accumulate in misfolded forms (usually inclusion 
bodies) is a common problem associated with bacterial protein expression, as is the 
proteolytic degradation of expressed proteins in E. coli. Eukaryotic expression hosts, 
such as insect or mammalian ceU cultures, are more suitable for expression of proteiiis 

30 tiiat naturally become modified (e.g. glycosylated) when expressed in tiieir natural host 
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the baculovims-based expression in insect cdls has particulariy the advantage of being 
a rapid and efficient eukaryotic translation environment in which active heterologous 
proteins can be produced (Kost & Condreay, 2002; Huser & Hoftnann, 2003; Gierse et 
al.. 1993). Expression systems based on mammalian ceU cultures may be more labonous 
but further ensure the correct environment for certain expressed proteins. 

6.2.2 Expression of HIV-1 IN and IN-fusJpn proteins 

Numerous studies have shown that the HIV-1 integrase can be expressed in K 
co/i ceUs and used in i« Wm> assays after partial or extensive purification of the e^ 

(Sherman & Fyfe. 1990; Bushman, 1994; Engehnan & Craigie. 1995; Goulaouic & 
Chow. 1996; Leh et al.. 2000; Brin & Leis. 2002a and 2002b). IN has also been 
expressed in other systems, such as insect cell cdtuies by baculovims-mediated 
expression (Bushman et al.. 1990; Bischerour et al.. 2003; Pruss et al.. 1994). Often, the 
majority of the IN expressed either in JS:.coU or insect cells has been found m the 
insoluble fraction following centrifugation of expression cell lysates (e. g. Sherman & 
Fyfe. 1990; Bushman & Craigie, 1991). The low solubility of the IN protein is a known 
feet that also impedes its proper crystallisation and tertiary stmctare determination 
(Freed & Martin, 2001). 

6.2.3 Degradation of cIN and IN-fusion proteins in bacterial cells 

As it had been possible to obtain catalytically active bacterially expressed HV- 
Iz IN in previous studies (Shemian & Fyfe. 1990; Bushman, 1994; Engelman & 
Cmigie 1995; Goulaouic & Chow. 1996; Leh et al.. 2000; Brin & Leis. 2002a and 
2002b). the IN and its fosion constructs IN-I-Ppol and IN-H98A were first p.t,duced m 
E. coli. Two bacterial strains were used to find a suitable expression host. Expression of 
the control (wt) integtase and the fesion constmct IN-H98A proteins in both the 
bacterial strains KcoH BL21 (DE3) and BL21-AI resulted in high protein expression 
levels of both recombinant proteins, as observed by specific anti-integrase and anti- 
polyhistidine antibody staining of immunoblots. The expression of the fusion protein IN- 
l.Ppol was hard to achieve and only slight amounts of tiie protein could be detected in 
the immunoblots. However stiong the expression levels were for.dN and IN-H98A. 
significant degradation of the expressed proteins was detected in all experiments wifli 
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boA the host strains (see figures 5.4.2-1 - 5.4J2-V). Since all protein prbduction 
experiments consisted of analytical scale expression without further purification h was 
not detennined whether the majority of the proteins were contained in the sohible or the 
insoluble fraction after cell lysis. Expression samples were prepared for SDS-PACBB 
analysis in a way to minimise protein degradation by proteases by immediate sample 
boiling and freezing (or vice versa). StiU, all of the produced proteins were fiiund to 
h»n^m» A^^AeA during ba cterial expression. Production of HIV-1 IN in bacteria has 
also previously resulted in at least two forms of the protein (e.g. Sherman & Fyfe, 1990) 

-bcfthe-extenrofxlegradation-ofasefve d in tiiis 3tu^ i'4^Bot-beei^tq>ortedJ)efore _ 

Protein degradation, or proteolysis, of recombinant proteins in E. coli is a 
common problem and may significantly affect the yields of heterologous proteins 
(Georgiou, 1996). The use of protease-deficient K cott strains, as in this study, should 
prevent excessive proteolysis of fte recombinant proteins. However, despite of using 
two different strains that both lack the proteases ton and Onq>T aqjable of degrading 
proteins during purification (Grodberg & Dunn. 1988; Studier & Mbf&t, 1986X protein 
degradation was observed in all experiments using the bacterial hosts in our study. 

Optimisation of bacterial growth conditions may also prevent protein degradation 
during expression (Georgiou. 1996) but fte changes tested in this study had no effects on 
observed proteolysis. Mirny proteins expressed in E.coU are known to form inclusion 
bodies partly due to the host cell response for production of nonessential proteins (Allen 
et al., 1992). Formation of these tigjitly packaged structures may protect proteins from 
proteolysis in the ceU and aid in protein purification (Georgiou. 1996). Although both 
HIV-1 BSf and I-f^oI are known to form the insoluble inclusion bodies in bacteria (e.g. 
Zheng et al.. 1996; Flidc et al., 1997; Mannino et al., 1999) this feature did not protect 
the proteins flom degradation in this study. As seen in the immunoblots derived from 
proteiri «q)rBSsion samples (see figure 5.4.2-n in Results), the IN fiision proteins and 
dN tend to become cleaved in the C-terminal part of the IN protein, in the immediate N- 
terminus of IN-H98A samples (after 6x His residues and before aa 23 of IN, that is 
bound by the anti-IN-antibody; compare lanes 5 and 6 to 10 and 11 in figure 5.4.2-II) 
and somewhere in Ae junction of the proteins IN and H98A Howevw. also correctly 
fijll-length proteins (dN, m-l-Ppol and IN-H98A) were produced in the bacteria tested 
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(figures 5.5.2-1 to 5.5.2-V). It is possible that the full-length proteins were insoluble as in 
inclusion bodies (and thus protected firom proteolysis after all) and the degraded proteins 
were soluble and more prone to proteolysis. If this was the case, it would have been 
possible to separate the degraded proteins from the correct ones at least to some extent 
5 The expression host was however changed to insect cell culture before testing to 
. because of the toxicity problems associated with production of TI^-I-Ppol in bacteria. 
lnterestingly:ilmost no-degra-dation-of the proteins was detected as ihe-expression host 
was switched to Sf9-insect cells. Further analysis of this observati on is beyond tf ie scope 
of this work but suggests that an £. coli host may not have been'ideal tt)r expression of 
10 the particular proteins in this study. When expressed in insert cells. clN was found to 

form inclusion bodies but reasonable amounts of the fusion constructs IN-I-Z^I and IN- 
H98A were found in the soluble fiaction. NeiAer fraction suffered from excessive 
proteolysis. It is hard to point out reasons for the unsuccessfiil expression of the proteins 
in Kcoli since recombinant HIV-1 IN expression has previously been reported to work 
15 in bacterial hosts (Sherman & Fyfe, 1990; Bushman. 1994; Engehnan & Ciaigie. 1995; 
Goulaouic & Chow. 1996; Leh et al.. 2000; Brin & Leis. 2002a and 2002b). Hie 
possibiUty of proteolysis occurring at some point of the SDS-PA(ffi sample prepamhon 
rather than inside bacterial cells cannot be fully exchided. 

6.2.4 The toxicity of IN-l-PpoI protein may reflect its bioiogicai 
20 activity 

As discussed above, expression.of m-l-Ppol protein (from vector pDIP2) 
resulted in poor bacterial growfli arid very little amounts of expressed protein. Inhibition 
of bacterial growth by the expressed protein usually suggests that the gene product is 
toxic for the expression host (Geoigiou. 1996). The inhibiting impact was not observed 

25 with other expressed proteins, that is IN-H98A and dN. which indicates that the toxic 
effect ofm-I-Ppol must be associated with &e l-Ppol part of the fiision protein. The 
fusion protein consisting of IN and the endonucleolytically inactive l-PpoI form CH98A) 
was not found to be toxic for the bacterial expression hosts. The homing endonuclease I- 
/^ol has in feet been reported to cause cell death or reduce cell survival when expressed 

30 in human cells (Momiat et al.. 1999) and yeast (Muscarella & Vogt. 1993). Jurica & 
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Stoddard (1999) too reviewed that the over-expression of most HEs in common bacterial 
and yeast strains induces cell lysis and death. Toxicity of the pioteiii for human 

cells is likely to result from its endonucleolytic activity that causes efficient cleavage of 
ite homing sites present in the rDNA. 

5 The iDNA of the E.coli genome differs from the I-Ppol recognition sequence in 

P. pofycephalum at only 3 positions (Loweiy et al., 1992). yet the expression ofl-PpoI 
hasbeenfecileandef5cientin£:.co/i (Loweryetal.,1992;Mamiinoetal.. 1999). These 
observations suggest that 1-PpoI has a low tolerance for degeneracy within its 
recognition sequence but are in sharp contrast with the growlh inhibition observed in the 

0 present study. In the literature, 1-PpoI expression and activity in human cells has been 
associated with efficient cleavage of the homing site present in plasmids and in the 
rDNA of the host (Monnat et al., 1999). Double strand break repair (DSBR) of the 
cleaved DNAs was in some cases mutagenic and led to the toss of I-fiwI recognition 
sites in the homing site plasmids after l-Pjpol cleavage and rejoining in vivo. Turning this 

5 pointofviewaround.itcouldperhapsbepossiblethatthegenomesofthe£:cofis1iains 

used in this study would contam a mutation to create new recognition and cleavage sites 
for l-PpoL This is however unlikely since the growlh mhibition was observed with both 
the bacteria of different origins. A more likely explanation is that Ae fiiston protein IN- 
l-Ppol exhibits more sequence degeneracy than the wt l-Ppol (perhaps due to unspecific 

20 DNA binding by IN), or has a novel enzymatic activity that is detrimental for bacteria. 
No growfli inhibition was observed in insect cells that were tested for expression after 
experiments with bacteria. These results suggest that flie novel fasion protein m-l-Ppol 
contains some enzymatic activity, perhaps enhanced DNA cleavage catalysis, and that 
the expression constructs themselves aie functional. Fur&ermore, &e good results 

25 obtained from expressing IN-I-i^I in insect cells overcome the problems associated 
witii tiie production problems in bacteria. 

6.3. The potential of integrating therapeutic genes into the 
hrDNA 

The 1-PpoI itself is a good but rare example of a protein that becomes expressed 
30 as a RNA polymerase I transcript from the rDNA.of its host (Lin & Vogt, 1998). When 
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expressed firom Ae I-P/^oI-conteining intron inserted in Ihe yeast rDNA, the pol I- 
derived 1-Ppol mRNA was translated at approximately 3% of the effioienqr crffte pol 
n-derived KNA (Lin & Vogt, 2000). In the yeast rDNA, the a-fragment of P- 
galactosidase was inserted in place of the l-Ppol ORF contained wiftin the intron 3 

5 (PpLSU3) of P. pofycephqlum (Lin & Vogt, 2000). Ihe functional a-fiagment was 
found to become e>q)iessed as a pol I transcaipt at similar levels as was shown for tiie I- 

f^ol «nd<Miuclease. Althou^ expression levels were not hi^ the insertion and 

expression of the a-fragment in the rDNA of yeast demonstrated a new concept of 
functional proteinlraqpression trom a pol 1-derived KNA 

10 Transgene integration by HIV-1 IN can possibly be targeted to fte rDNA of 

eukaiyotes by the aid ofl-PpoI that recognises its target site embedded in the 28S rDNA 
gene. In case targeted integration into the rDNA locus is accompUshed, wqpression of the 
transgene may in principle be cairied out either by the RNA pol I constitutively 
expressing the rRNA genes, or by RNA pol H that may be recruited to the transgene site 

15 by a strong promoter attached to the integerated transgene itself The repeat organisers 
that act like insulators in the inteigenic spacers of the tRNA genes (Robmett et aL, 1997) 
may enhance the safety of the integrated transgene by separating its promoters and 
activity from the surrounding riRNA genes. The expression of a retroviraUy integrated 
transgene in the rDNA will be tested in the fiiture after the targeting capabiUti^ of the 

20 new fusion proteins m-I-PpoI and IN-H98A have been tiiorou^y studied. 

6.4 Conclusions and future directions 

The aim of Ais study was to create novel fusion proteins capable of catalysing 
targeted int^tion of retrovirus-like DNAs, and to supply them with the componenis 
- necessary fbr testing the proteins' activity in vitro. Production of the proteins IN-I-i^oI, 
25 IN-H98A and cIN in E. coli cells vyas not successful as it resulted in proteolysis of all 
the proteins under study. In addition, low expression levels of DSf-I-PpoI were observed 
during tiie protein production ejqoerimenls. This effect may have originated from the 
assumed toxicity of the \-Ppol protein for E. coli cells. The excessive degradation of the 
proteins as well as their toxicity was however observed to occur within flie bacterial 
30 hosts only: later production of these proteins in insect, cells was successfiil. The 
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purification of the proteins expressed in Sf9 ceUs needs to be further considered to 
obtain as native and active protein as possible. The DNA constructs pPPOsite (acceptor 
DNA) and pB2LTR+EaFP (donor DNA) created for the m vitro test are functional and 
will be used in future studies. 

5 6.4.1 Future directions in protein production and activity tests 

Bacterial expression hosts were found not to be optimal for e;q>ression of flie 
proteins undef study. ti studies extending from this work, recombinant baculovirus 
genomes (from Autogmpha cattfomica nuclear polyhedrosis virus; AcMNP) were 
created by transfeiring the ciDNAs of cIN. m-l-Ppol and IN-H98A contained within the 

10 pBVboostFG to baculoviral genomes througji a site specific transposition mechanism 
(Landy, 1989; Bac4o-Bac Baculovirus Expression system, lovitrogen; Luckow et al., 
1993). Protein production was then driven in insect ceUs and it proved to be successful 
Optimisation of the purification protocols has been accomplished for each protein and 
the in vitro testing of their activities is drawing closer. Aggregation of the insect cell 

15 expressed dN proteins into indwsion bodies is posing new challenges to using the 
protein. cIN has to be purified under denaturing conditions and subsequently renatured 
to restore ite information to the native and active form. There are many examples of 

HIV-1 BSr renatuiation protocols in Ae Uterature, and the in vitro activity of the protein 
does not change detectably if the protein is purified under native or denaturing 

20 conditions (e.g. Goulaouic & Chow, 1 996). It also seems to be possible to purify soluble 
and correctly multimeric HIV-1 IN without detergents and in the presence of zinc (Leh 
et al., 2000) that becomes bound by the N-terminal HHCC-domain of HIV-1 IN. The 
presence of zinc has also previously been reported to enhance the multimerisation and 
catalytic activity of a soluble, mutant form of integrase (Zheng et al., 1 996). Both Mg*" 

25 and Zn** seem to be required to maintain an ordered, homogenous and enzymaticaUy 
active tetramer of IN in solution (Leh et al.. 2000). Also the homing endonuclease I- 
Ppol contains a zinc binding motif in its His-Cys box (Jurica & Stoddard, 1999; Galburt 
et al., 2000; ChevaUer & Stoddard. 2001). Zinc stabilises the loosely packaged tertiary 
structure of the homodimeric protein, which is important for its proper catalysis. The 

30 expression of soluble and active l-Ppol in E. coli has been found to depend critically on 
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the presence of divalent metal ions in the growth medium; both Mg^ and Zn*" were 
essential for maintaining protein solubility in I-Ppol purification (Flick et aL. 1997). 
Knowledge of the importance of these metal ions for obtaining soluble and active 
protein will aid in future protein purification and renaturatioo. 

5 6.4.2 From in v/(roteiBtlng to cell experiments 

Assuming that the-di-viYro^ctivity_o£jthe.proteins m-l-Ppol Bud IN-H98A wiU 
be successfully assayed, the proteins may n«ct be tested in cell cultures. Initial plans 
have been made to introduce the purified proteins and an mtegration substrate into the 
nuclei of different cells to observe the integration patterns in cellular DNA. Also the 
10 expression of the proteins will be tested in human cells, ft may be possible that the 
endonucleolytically active l-Fpol will be toxic for eukaiyotic cells as less than 40% of 
human cells ^-1080 human fibrosarcoma cells) have survived from constitutive I- 
Ppol expression lasting for 1 5-18 days (Mbnnat et al., 1999). I-Ppol expressed in human 
cells is capable of cleaving approximately 10% its homing sites present in the 28S rDNA 
15 after 24 and 48 hours after ttansfbction of the HE encoding plasmid (Monnat et al.. 
1999). If its activity is too high also when fiised to mV-l IN, the endonucleolytically 
inactive form H98A should provide a means to target integration into the rDNA without 
homing endonudease catalysed cleavage of the site. Also, it should be possible to design 
an l-Ppol enzyme with reduced DNA cleaving activity or modified sequence specificity 
20 since the structure of the enzyme and the active site residues are well known (Jurica & 
Stoddard. 1999; CSalburt et al., 2000; Chevalier & Stoddard. 2001). Ultimately, if the 
fiision proteins will be shown to target integration of substrate sequences resembling 
fflV-l DNA. Hxey niay be incorporated into IN-mutated HIV-1 virions for example 
using the in tmns approach of Bushman and Miller (1997). Also baculoviral hybrids 
25 may be tested, for the same approach. The in vivo testing of the fiiture vector derived 
from the work described here leads us back to the founding idea of this wpik: looking 
for a means to create a safe and efficient integrating vector for gene therapy. 
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APPENDICES: 

APPENDIXI 

5 Table I-l Primers used in insert-PCR (4.1.1.1). The sequences me presented in the 5' ^ 3' 
difcction. RE-sites introduced in the primers are presented as undcrlmed sequences and 
explained in die table. Start- and stop codons are boWed. 

Primer Sequence Templat^ 
name PCRproduct 

-F992 r rTTAATTAAA TGlTiTlAGAlOijA Pid PUS10.IN 

ATAGAT 

3'IN GCI^rA^TCCTCATCCTGTCTACT Xbal IN.cIN 

3'cIN TA TfifirrTrTCAGGCCA TTATTAAT Sfil dN 
CCTCATCCTGTCTACT 

G7 ATTCACCACTASIGCTCCAAAAAAA Spel pCNPpo6: 1-Ppol 
AAGCGC pCNPpo6h98a: 



10 



H98A 



F987 TATfifM ^rTrTCAGGCCA TTATTATA Sfil 
CCACAAAGTGACTGCC 



15 



Table 1-2 Primers used in GATEWAY-PCR (4.1.7.1). The sequences are presented in the 5' 
3- direction. Tw) stop codons in GW 3'Ppo. and GW 3'cIN primers, as well »s a stot codon m 
theGW5'INHT,aremartedinbolded. ThesixhistidmecncodmgcodonsmGW5 IN ill are 

underlined ° - 

Primer name Sequence 

GGGGACCACTTTGTACAAGAAAGCTGGGTTATGGCC 

(GW 3.'Ppo) TCTCAGGCCATTATTATACCACAAAGTGACTGCC 

G402 GGGGACCACTTTGTACAAGAAAGCTGGGTATTATTA 
(GWS'oIN) ATCCTCATCCTGTCTACT 

G445 GGGACAAGTTTGTACAAAAAAGCAGGCTATG 
(GW 5'IN HT) ri^TrArrATrACCATCACCTGGTGCCGCGCGGCAGC 
TTTTTAGATGGAATAGAT 
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Table 1-3: Piimeis used in sequencing. The sequences are presented in the S' -> 3' direction. 

5 • . 



Primer name Sequrace 

G448 GGGGAAAGAATAGTAGAC 

G449 GCCACACAATCATCACCTGCC 

T3 ATT AAC CCT C AC TAA AGG G 

T7 AAT ACG ACT CAC TAT AGG G 

G502 CAATCAAAGGAQATATACCACG 

G550 TCGACCTGCAGGCGCGCCGA 



10 Table 1-4: Oligodeoxyribonucleotides used m creation of the LTRs fw pB2LTR and in 
constructkm of ^ I-Ppol site inserted in pPPOsite. 



Oligo name 


Sequence . ... 


Description 


G515 


CTCTCTTAAGGTAGC 


I-PpoI upper 


G517 


GCTACCTTAAGAGAG 


I-PpoI lower 


G569 


CTAGTAGTACTGCTAGAGATTTTCCACAGCATG 


3'LTRlowBr 


G570 


CTGTGGAAAATCTCTAGCAGTACTA 


3*LTRupper 


G604 


CAGTGAATTAGCCCTTCCAGTACTGGTAC 


5'LTRlower 


G605 


CAGTACTGGAAGGGCTAATTCACTGCATG 


SXTRi^yper 


G448 


GGGGAAAGAATAGTAGAC 


S*newS^4IP 


G449 


GCCACACAATCATCACCTGCC 


3'NewSai4IP 
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Table II-l PGR programs used in tbe study 



DS2006 
(insert PGR) 



1. 94^C1 min. 

2. 94*^C 30 sec. 

3. 50^C 30 sec. 

4. 72^Clmin 

5. 25 X cycles 2-4 
6. 72«C 5 min 
7.4°Cao 



DPESAKE 
(Colony-PCR) 



1. 95°C5min 

2. 95°C Imin 

3. 51®C30 sec. 

4. 72°C1 min35s 

5. 25 X cycles 2-4 

6. 72*'C 6 min 
7.4«C 00 



GW2701 

GATEWAY-PCR 



GW-cBSr 



1.96°C 
2. 94**C 



Imin 30 sec 
Imin 



3. 52,5°C 30 sec 
4. 72**C 2 min 
5. 25 X cycles 2-4 
6. 72X 5min 
7.4X 00 



1. 96^C Imin 30 
sec 

2. 94''C Imin 

3. 52,5'*C 30 sec 

4. 72°C 1 min 
5. 25 X cycles 2-4 
6. 72X 5min 
7. 4^C 00 
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APPENDIX m 

5 l)GendEluler™100bpDNALadder(MBI)- 

2) GeneRuler™lkbDNA Ladder (MDBI) 

3) GeneRuler™ DNA Ladder Mix (MBI) 

4) 1 Kb DNA Ladder (NEB) 

10 

1) 2) 3) 4) 

DNAMass 
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APPENDIX IV: 
Buffers and reagmts 

Ammonium Persulfete 10% (APS) 
APA-bufiFer 

Kodak (Transfer buffer) 

Kodak (Transfer buffer) 10 x stock 
solution 

LB-solution 
PBS-buffer " 

Ponceau protein staining solution 
Running buffer 5 X, pH 8.3 

SDS-PAC3E Sample buffer (2x) 



0,1 g APS, dissolve in 1 ml H2O 
Prepare just before uSe or store at -20^C. 

0,lMNaHCO3 

1 mM]VlgCl2.6H20 

Adjust pH with NaOH to 9.8 

100 ml lOx Kodak stock solution 
200 ml methanol 
7Q0.mlH2O 
IL 

30,3 g Tris base 
30,3 g Glycine 
Add 1^0 to 1000 ml 

10 g Bacto-tryptone 
5 g Bacto-yeast extract 
lOgNaCl 

Adjust pH to 7.5 widi IM NaOH, fill to 
100 ml with HzO 

276mMNaCl 
16mMNa2HP04 . 
10,7mMKCl 
2,9mMKHiP04 

" 0,2% Ponceau S 
3% TCA 

15 g Tris base 
72 g Glycine 

5 g SDS (Sodium dodecyl sulphate) 

Add H2O to 700 nd. Adjust pH. Add water 

to a final volume of 1000 ml. Store at 

2,5 ml 0,5M Tris-HCl (pH 6.8) 
4,0 ml 10% SDS 
2,0 ml glycerol 

0,2 ml 0,2% bromopheiiole blue 
1 ,0 ml p-mercaptoethanol 
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0^iiilH2O 



SOC 



TAB- buffer 
TBS 0,5M 

TBS- buffer 

TBS-Tween-buffer 

TE-buffer 



2 g Bacto-tcyptone 

0,5 g Yeastrextiact 

1 ml IM NaCl 

0,25mllMKa 

1 ml 2 M solution 

1 ml 2 M glucose 

Adjust volume to 100 ml with H2O 

0,04MTris-acetate 
1 mMEDTA 

29,22 g NaCl 
3,15gTris-HCl 
Add HzO to 1000 ml 

20 mM Tris-HCl (pH 7.5) 
0,5 M NaCl 

Ix TBS buffer 
0,2%(vAr)Tween20 

10 mM Tris-HCl pH 8 
ImMEDTA 



Tris-HCl 0 5 M, pH 6.8 6 g Tris base; dissolve in 60 ml HaO 

Adjust pH to 6.8, add EfeO to 100 ml 

Store at +4X. 

Tris-HCl 1,5 M, pH 8.8 27.23 g Tris base; dissolve in 80 ml H2O 

Adjust pH to 8.8, add HaO to 150 ml 
. Store at +4*'C 



Preparation of SDS-PAGE geb: 

10% Running Gel (thick comb) 
6,023 ml Distilled HzO 
3,75 ml 1,5 M Tris-HCl pH 8.8 
150 ^110%SDS-stock 
5,00 ml 30% aciylamide/bis-solution 
(BioRad) 

75 id 10% APS 
7,5 nl TEMED 



4% Stacking gel (thick comb) 

6,10 ml Distilled H2O 

2,50 ml 0,5 M Tris-HCl pH 6.8 

100 td 10%SDS-stock 

1,30 ml 30% aciylamide/bis-solution 

(BioRad) 

50 Ml 10% APS 

10 jUTHVED 



